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A  canine  adenovirus,  Toronto  A26/6I,  responsible  for 
the  disease  1  ary ngot rache i t i s  in  dogs,  was  found  to  propagate 
equally  well  in  both  dog  kidney  cell  line  ( D  K  L  )  monolayer  cell 
cultures  and  primary  dog  k i dne>  ce li  (PCK)  monolaver  cultures. 
Suspended  cultures  of  DKL  were  unsat i sfactor>  for  the  propaga¬ 
tion  of  Toronto  A  2  6 / 6  I  virus.  Variation  of  the  concentration 
of  Toronto  A  2  0 / 6 1  virus  inoculum  from  I  tissue  culture  infectious 

dose  50%  end  point  per  ml.  (TCID  /ml.,1  to  ISO  tissue  culture 

:>0 

infectious  doses  pOo  end  point  per  ml  .  had  I  ittle  effect  on  the 
u I t i mate  virus  >ie!d  in  monolaver  cultures  of  DKL  cells. 

The  viruses  Toronto  A  2  6 / 6  I ,  Infectious  Canine  Hepatitis 
(  ICH>,  and  Hepatitis  Contagiosum  Can i s  (HOC)  produced  hemagglu¬ 
tinins  against  the  ervthrocvtes  of  human  blood  types.  A,  B,  AB, 

0,  and  any  one  viral  suspension  gave  an  equal,  reciprocal 
hemagglutinin  titre  with  the  four  tvpes  of  human  ervthrocvtes. 

The  hemagglutinin  produced  against  human  ervthrocvtes  t>pe 
"0"  b>  Toronto  A  2  0  /'  0 1  virus  was  inhibited  b>  specific  antiserum 
derived  from  rabbits  prev  iouslv  infected  with  Toronto  A2  6 / 6 1 
virus.  Toronto  A26/6I  virus  produced  intranuclear  inclusions 
in  DnL  and  PDn  monolaver  cell  cultures  which  became  evident  36 
hours  post - i nf ect i on  .  The  inclusions  began  as  eosinophilic 
centers  surrounded  b>  basoph i I ic  borders  and  terminated  as 
complete  basophi I ic  masses  within  the  nucleus  of  each  infected 
ce  I  I  . 
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Toronto  A  2  6 / 6 1  virus  was  assayed  by  the  TCID^q 
method  and/or  by  the  plaque  forming  unit  (PFll)  method. 

Doub I i ng  the  amino  acid  content  in  Eagle's  medium,  together 
with  the  addition  of  DEAE-dextran  or  protamine  sulfate,  was 
found  to  both  maintain  viability  of  the  cells  and  to  fac  :i  !•  \  tat  e 
the  product i on  of  larger  plaques.  Over  I ayed  monolayers 
maintained  in  a  carbon  dioxide  incubator  (5%  002,  95% 
f i Itered  air)  were  found  to  remain  viable  for  l8  days  wh i le 
those  maintained  in  stoppered  bottles  remained  viable  for 
8  -  12  day  s . 

Under  the  conditions  tested  plaque  production  by 
Toronto  A  2  6 / 6 1  virus  was  better  on  DKL  cel  Is  than  on  PDK 
cells.  Of  the  five  procedures  examined  for  the  concentration 
of  Toronto  A  2  6 / 6  I  virus,  namely: 

1)  differential  centrifugation; 

2)  column  chromat ography  on  DEAE-ce I  I u I ose; 

3)  Sephadex  G200  filtration; 

4)  t r i s-genetron  extraction  of  infected  cel  Is;  and 

5)  buoyant -dens i ty  centrifugation 

differential  centrifugation  combined  with  buoyant -dens i ty 
centrifugation  gave  the  best  yield  of  virus  as  revealed  by 
titration  and  ultraviolet  spect rophotomet r i c  scan  (200  mu. 
to  340  mu.).  The  buoyant -dens i ty  of  Toronto  A  2  6 / 6  I  virus 
was  found  to  I ie  between  I .330  and  I .334  gms./cu.  cm.  when 
centrifuged  to  equilibrium  in  cesium  chloride  (CsCl).  The 
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canine  adenovirus  (  I C  H )  was  found  to  have  a  simi  I ar  buoyant- 
density  of  1.333  gms./cu.  cm.  The  buoyant -dens i ty  of 
Toronto  A  2  6 / 6 1  virus  deoxyribonucleic  acid  (DNA)  centrifuged 
to  equilibrium  was  found  to  be  1.718  gms./cu.  cm.  This 
buoyant -dens i ty  corresponds  to  a  mole  fraction  %  guanine  plus 
cytosine  (G  +  C)  of  59%/  which  is  in  contrast  to  56%  determined 
by  direct  chemical  analysis.  The  buoyant -dens i ty  of  DNA 
extracted  from  DKL  cel  Is  was  found  to  be  I  .701  gms./cu.  cm. 
which  corresponds  to  a  mole  fraction  %  (G  +  C)  of  42%. 

This  percentage  was  substantiated  by  a  chemical  analysis  of 
the  DKL-DNA  which  also  revealed  a  mole  fraction  %  (G  +  C)  of 
42%. 

The  chemical  analysis  of  Toronto  A  2  6 / 6 1  virus  DNA 
revealed  a  purine  and  pyrimidine  base  rat i o  of  27:  29:  22: 

22  for  guanine,  cytosine,  adenine,  and  thymine  respectively. 

The  chemical  analysis  of  DKL-DNA  revealed  a  purine  and 
pyrimidine  base  ratio  of  20:  22:  29:  29  for  guanine,  cytosine, 
adenine,  and  thymine  respectively. 
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At  the  University  of  Toronto  during  the  fa  I  I  of 
1961  an  epidemic  of  I  ary ngot rache i t i s  among  experimental  dogs 
was  investigated  by  Ditchfield  et  aj_  (1962).  The  illness 
was  character i zed  by  a  dry  cough  (which  was  worse  at  night), 
a  low-grade  fever  ( I 02°F  -  I03°F),  partial  I  oss  of  appetite, 
and  inflammation  and  edema  of  the  pharynx,  larynx  and  trachea 
Pneumonia  and/or  conjunctivitis  were  complications  to  the 
condition.  Spontaneous  resolution  usually  occurred  in  seven 
to  twelve  days.  Throat  secretions  from  these  dogs  caused 
cytopathic  effects  on  dog  kidney  I  i ne  cel  Is  as  we  I  I  as  on 
primary  dog  kidney  cel  I  monolayer  cultures  _i_n  vitro. 

The  cytopathic  effect  (CPE)  was  character i zed  by 
rounding  of  the  cells  with  subsequent  detachment  from  the 
surface  of  the  vessel  in  which  they  were  propagated. 

Ditchfield  et^  a_L  (1962),  by  means  of  the  complement 
fixation  test,  neutralization  test,  and  hemagglutination- 
inhibition  test  compared  an  agent  which  they  isolated  and 
designated  as  Toronto  A  2  6 / 6 1  to  the  only  other  described 
adenovirus  of  canine  origin,  infectious  canine  hepatitis, 
and  a  human  adenovirus  type  3  responsible  for  pharyngocon- 
junctival  fever.  The  hemagg I ut i nat i on - i nh i b i t i on  test 
differentiated  between  the  agents  of  infectious  canine 
hepatitis  and  I aryngot rache i t i s .  Adenovirus  type  3  possessed 
comp  I ement -f i x i ng  antibodies  against  all  three  viruses 
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(Toronto  A26/6I,  ICH,  type  3)-  Cross  reactivity  with  respect 
to  neutralizing  antibody  was  observed  between  Toronto  A  2  6 / 6 1 
and  ICH  viruses.  Because  of  the  foregoing  criteria  the 
etiological  agent  of  I  ary ngot rache i t i s  was  tentatively 
identified  as  a  canine  adenovirus. 

Rowe  et  a_[_  (  I  958a)  suggested  that  the  adenovirus 
group  should  be  divided  into  strains  of  human,  chimpanzee, 
and  monkey  origin  with  a  separate  series  of  type  numbers  for 
each  division.  For  example,  the  chimpanzee  type  would  be 
named  adenovirus  type  C-l  and  monkey  types  M- I  to  M-4.  The 
monkey  types  have  since  been  extended  to  |8. 

Accepting  this  nomenclature,  Ditchfield  et  a_[_ 

(1962)  named  infectious  canine  hepatitis  virus  as  adenovirus 
type  D-l  and  Toronto  A  2  6 / 6 1  virus  as  either  adenovirus  type 
D-IA  or,  more  justifiably,  D-2. 

Pereira  ( | 959)  has  listed  the  main  charact er i st  i  c s 
which  he  considers  important  to  the  classification  of  the 
adenovirus  group:  (l)  ether  resistance;  (2)  the  ability  to 

produce  CPE  in  species  specific  tissue  culture  cel  Is;  and 
(3)  the  possession  of  a  soluble  group- spec i f i c  complement¬ 
fixing  antigen  and  lack  of  pathogenicity  for  ordinary  labora¬ 
tory  animals.  In  addition,  Parker  et  aj_  (  I  96 1  )  suggested 
as  another  criterion  that  the  basic  infective  particle  must 
be  a  regu I ar  icosahedron  between  80  to  120  mu.  in  diameter. 

As  more  and  more  adenovirus  types  are  isolated  from 
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human  and  animal  sources  it  is  probable  that  the  suggested 
criteria  will  have  to  be  modified.  Andrewes  eit  a_l_  (  I  96 1  ) 
suggest  that  (according  to  current  concepts)  for  an  agent  to 
be  classified  as  a  member  of  the  adenovirus  group,  it  should 
have  the  following  character i st i cs : 

1)  the  basic  infectious  unit  is  a  particle  about  70  mu.  in 
diameter  composed  of  an  inner  core  and  an  outer  covering 
apparently  made  up  of  252  sub-units  (capsomeres)  arranged 
to  form  an  icosahedron; 

2)  it  is  resistant  to  inactivation  by  both  ether  and  trypsin; 

3)  the  infective  particle  is  composed  of  protein  and  deoxy¬ 
ribonucleic  acid  but  contains  no  ribonucleic  acid  (RNA); 

4)  it  multipl  i es  in  the  nucleus  of  infected  cel  Is  and  induces 
the  f ormat i on  of  a  specific  protein  which  in  turn  causes 
char act er i st i c  CPE  in  the  cell  culture; 

5)  multipl  ication  within  the  cel  I  results  in  the  formation 
of  a  soluble  comp  I ement -f i x i ng  antigen;  (this  antigen 
crosses,  i mmuno I og i ca I  I y ,  at  least  partially  with  similar 
antigens  from  other  members  of  the  adenovirus  group)  and 

6)  it  is  frequently  the  cause  of  i napparent  infections  of 
susceptible  animal  species  and,  following  infections, 
persistence  of  the  virus  in  a  latent  form  is  common. 

P  I  at  e  #  I  is  an  e I ect ronm i crograph  of  the  canine 
adenovirus  Toronto  A  2  6 / 6  I  prepared  using  negative-contrast- 
staining  procedures  which  involved  the  use  of  phosphotungst i c 
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acid.  The  magnification  is  approximately  400,000  times 
actual  size.  Preparat i on  and  photography  were  done  by 
Dr.  T.  Yamamoto. 

Pereira  et  £_[_  (1963)  divided  the  adenovirus  group 
into  subgroups  based  on  natural  hosts. 

Hirst  (1941)  noticed  that  influenza  virus  group  A 
caused  the  agglutination  of  chicken  embryo  erythrocytes  and 
that  specific  antiserum  against  the  virus  would  inhibit 
such  hemagglutination.  Hirst  (1942)  also  discovered  that 
there  was  a  direct,  quantitative  relationship  between  the 
agglutinating  capacity  of  influenza  virus  suspensions  and 
their  infectivity  for  mice,  as  we  I  I  as  between  the  agglutination- 
inhibition  titre  and  the  v i rus-neutra I i zat i on  titre  of  a 
serum . 

Rosen  (1958)  conducted  similar  experiments  on  the 
hemagglutination  phenomenon  exhibited  by  human  adenoviruses 
I  to  18  against  erythrocytes  from  different  animal  species. 

Human,  Rhesus  monkey,  Grivet  monkey,  mouse,  and  rat  erythro¬ 
cytes  were  employed.  Mouse  and  rat  erythrocytes  displayed 
the  highest  hemagglutination  titre  with  the  majority  of  the 
human  adenoviruses  examined.  Specificity  of  the  hemagglutina¬ 
tion  phenomenon  by  prototype  strains  was  demonstrated  by 
hemagg I ut i nat i on - i nh i b i t i on  tests  using  rabbit  hyper-immune 
serum.  Subsequently,  Rosen  ( I  960)  showed  that  the  hemagglu¬ 
tination-inhibition  technique  was  suitable  for  the  identifica- 
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t i on  of  the  vast  majority  of  adenoviruses  and  that  this 
technique  was  much  simpler  and  less  time  consuming  that  the 
neut ra I i zat i on  procedure.  Rosen  developed  a  hemagglutination- 
inhibition  test  which  was  used  to  identify  417  adenovirus 
isolates  of  24  different  types. 

Fastier  (1957)  related  that,  under  specific  con¬ 
ditions  of  temperature  and  pH,  the  virus  of  infectious  canine 
hepatitis  enters  into  a  reversible  association  with  fowl 
erythrocytes .  By  adsorption  with  these  cells  both  the  hemagg I u 
tinin  and  the  infective  particle  could  be  removed  from  tissue 
culture  fluids  containing  ICH  virus  without  appreciably 
reducing  their  ability  to  act  as  efficient  comp  I ement -f i x i ng 
ant i gens . 

Cabasso  (1962)  in  a  review  article  on  infectious 
canine  hepatitis  virus,  reported  that  Kunishige  and  H  i  rato 
(i960)  found  that  under  certain  conditions  two  different 
virus  isolates  could  agglutinate  human  and  guinea  pig  ery¬ 
throcytes,  but  not  those  from  sheep,  rabbits,  domestic  fowl, 
horses,  cows,  dogs,  or  mice.  Heat  destroyed  the  hemagglutinin 
somewhat  more  slowly  than  the  viral  infectivity,  but  faster 
than  the  comp  I ement -f i x i ng  antigen.  Removal  of  the  hemagg I ut i n 
from  infective  fluids  by  adsorption  with  erythrocytes  from  a 
guinea  pig  or  human  resulted  in  a  concomitant  decrease  in 
infectivity  without  materially  affecting  the  complement¬ 
fixing  antigen  titre. 
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Kapsenberg  (1959)  has  compared  infectious  canine 
hepatitis  virus  with  several  human  adenoviruses  on  the  basis 
of  cytopathic  effects, (ICH  virus  and  primary  dog  kidney 
epithelial  cells  as  compared  with  human  adenovirus  and  human 
line  cells)  animal  infection,  and  comp  I ement -f i xat i on ,  and 
considers  the  virus  of  infectious  canine  hepatitis  to  be  a 
member  of  the  adenovirus  group. 

In  addition  to  the  gross  changes  in  the  appearance 
of  the  architecture  of  the  cel  I  monolayer  due  to  adenovirus 
infection  there  are  specific  nuclear  alterations  in  the 
individual  infected  cells.  A  number  of  authors,  particularly 
Dingle  and  Ginsberg  ( 1 959)  have  studied  the  progression  of 
these  changes  in  the  nuclei  .  They  state  that  wh i  le  not  al  I 
of  the  known  serotypes  have  been  character i zed  by  the 
changes  they  induce  in  the  nucleus  of  infected  cells,  those 
that  have  been  studied  can  be  assigned  to  one  or  the  other 
of  two  sub-families  represented  in  one  case  by  types  I,  2, 

5  and  6  and  in  the  other  case  by  3,  4  and  7- 

In  cell  cultures  infected  with  types  I,  2,  5  or 

6  adenovirus  char acter i st i c  changes  appear  in  the  nucleus 

15  hours  following  infection.  First,  a  number  of  eosinophilic 
inclusions  appear.  Then,  as  infection  progresses,  the  eosino- 
ph i I ic  inclusions  develop  basoph i I ic  cores  and  become  less 
definite  in  out  I  i ne .  They  eventual  ly  merge  into  a  dense 
basophilic  mass  within  the  enlarged  nucleus.  In  contrast,  the 
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first  changes  associated  with  infection  by  types  3,  4  or 


7  adenovirus  strains  are  detected  about  14  hours  after 
i nf ect i on .  The  changes  consist  of  the  formation  of  irregular, 
granular,  eosinophilic  masses,  the  development  of  a  rarified 
zone  beneath  the  nuclear  membrane,  and  rear rangement  of  the 
chromatin  into  lattice  or  network  patterns.  Early  in  the 
course  of  infection  well  defined  intranuclear  eosinophilic 
bodies  appear  which  are  simi  lar  to  those  observed  in  cel  Is 
infected  with  types  I,  2,  5  and  6  viruses.  The  nucleus 
becomes  large  and  distorted.  The  clear  per i phera I  zone  of 
the  nucleus  widens  and  the  central  area  becomes  more  intensely 
basophi  I  ic.  Sharp-edged  crystal -I  ike  masses  appear  in  the 
affected  nuclei.  These  masses  display  varying  degrees  of 
eosiniphi I ia  and  basophi I ia.  In  the  latest  stages  of  infec¬ 
tion  the  central  basophi I ic  zone  becomes  more  prominent.  In 
some  cel  Is  there  are  ovoid  or  wedge-shaped  compartments 
radiating  out  from  a  central  mass  producing  a  flower-like 
nuc  I  ear  form . 

K  j  e  I  ten  et_  aj_  (  I  955  )  were  the  first  to  demonstrate 
that  the  inclusions  are  composed  of  clusters  of  apparently 
mature  virus  particles  in  a  crystalline  array. 

The  properties  of  infectivity  and  se I f - rep  I  i cat i on 
seem  to  be  carried  by  a  complex,  organized  particle  approxi¬ 
mately  70  mu.  in  diameter.  Commonly,  infectivity  of  a 
preparat i on  is  measured  by  testing  decremental  dilutions  of 
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the  material  in  an  appropriate  number  of  sensitive  cell 
cultures,  Infected  cultures  are  recogn i zed  by  evidence  of 
charact er i st i c  CPE  through  microscopic  examination  of  the 
cell  monolayers.  From  these  data  the  TCID^  can  be  calculated 
by  any  of  the  standard  procedures  such  as  that  of  Reed  and 
Muench  (1938).  In  the  case  of  adenovirus,  early  cytopathic 
effects  can  be  caused  by  a  soluble  protein  elaborated  by 
infected  cells  (Rowe  et  aj_,  1958b),  (Pereira,  1958), 

(Everett  and  Ginsberg,  1958),  and  (Pereira,  et  a_l_  1959). 
Therefore,  titrations  based  upon  CPE  which  occur  early  in 
the  growth  cycle,  do  not  measure  the  infectious  capacity  of 
the  virus,  but  rather  the  amount  of  CPE- i nduc i ng ,  soluble 
protein.  However,  cultures  held  for  periods  long  enough  to 
al low  recovery  from  the  early  CPE  give  a  true  estimate  of 
the  virus  preparat i on . 

1 1  was  original  ly  thought  that  as  many  as  a  mill  ion 
or  more  virus  particles  were  requ i red  for  a  single  tissue 
culture  infectious  dose.  This  opinion  was  based  on  virus 
titrations  read  after  three  to  seven  days  of  incubation. 
However,  experiments  by  Pere i ra  and  Valentine  (1958)  have 
shown  that  as  few  as  ten  charact er i st i c  particles  comprise 
an  infectious  dose.  Yamamoto  (in  press)  has  found  in  the 
case  of  canine  adenovirus  Toronto  A  2  6 / 6 1  that  approximately 
10,000  to  100,000  particles  constitute  an  infectious  dose. 

The  plaque  technique  for  the  titration  of  animal 
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viruses  was  introduced  by  Dulbecco  (1952)  and  represents 
an  important  advance  upon  earl i er  more  cumbersome  methods 
of  virus  assay.  The  principle  of  the  technique  is  that  a 
monolayer  of  cells  is  infected  with  virus  and  after  a  suitable 
incubation  period  is  overlaid  with  a  nutrient  agar.  The 
agar  prevents  the  products  of  virus  multiplication  from 
spreading  throughout  the  medium  as  they  would  in  a  fluid 
culture.  In  this  virus  assay  system,  particles  released 
from  the  initial  ly  infected  cel  I  enter  adjacent  cel  Is  where 
they  undergo  a  further  cycle  of  multiplication.  The  process 
continues  until  the  focus  of  infected  and  damaged  cells  is 
large  enough  to  be  distinguished  by  the  naked  eye  as  an 
unstained  area  or  "plaque"  set  in  a  background  of  healthy 
cel  Is  which  take  up  a  vital  dye,  commonly  neutral  red. 

Plaque  production  by  adenovirus  was  investigated 
by  Bonifas  and  Schlesinger  ( I  959)  and  by  Kjellen  ( I  9  6 1  ) 
on  a  variety  of  clonal  cell  lines.  The  difficulty  encountered 
in  trying  to  produce  plaques  was  ascribed  to  a  v i ru s- i nduced 
nutritional  deficiency.  Each  group  found  that  a  tenfold 
increase  in  the  amount  of  arginine  added  to  the  Eagle's 
basic  medium  lead  to  a  more  rapid  destruction  of  KB  cells 
(a  cel  I  I  i ne  derived  from  human  epidermoid  carcinoma)  by 
human  adenovirus  type  2.  When  the  v i ru s- i nf ected  KB  cell 
cultures  were  over  I ayed  with  agar  containing  Eagle's  basic 
medium  with  increased  concentrations  of  arginine  (a  four- 
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to  ten-fold  increase)  the  plaques  appeared  within  nine  to 
ten  days.  Neutral  red  was  found  to  inhibit  plaque  formation 
when  added  to  the  first  over  I  ay  .  This  problem  was  solved 
by  adding  the  neutral  red  as  a  second  agar  over  I  ay  following 
the  incubation  period.  The  concentration  of  neutral  red 
in  the  second  5-0  ml.  agar  overlay  was  1:11,250.  In  a 
later  paper  Rouse  et  aj_  (1963)  verified  the  fact  that 
established  human  cell  lines  were  often  contaminated  with 
p I eu r op neumon i a - I  ike  organisms  (PPLO)  and  that  these  organisms 
have  the  capacity  of  rapidly  depleting  the  available  arginine, 
thereby  lowering  the  efficiency  of  plating  of  various  adeno¬ 
viruses.  The  fluctuations  in  plating  efficiency  can  be 
eliminated  by  curing  the  cells  of  PPLO  infection  with 
Kanamycin  (4O  mg. /ml.  tissue  culture  medium  applied  for  two 
days) . 

Inhibition  of  multiplications  of  pneumonia  virus 
of  mice  (Horsfall  and  McCarty,  1947)  and  mumps  (Ginsberg 
et  a  I  ,  I  948)  can  be  accomplished  with  type- spec i f i c  capsular 
polysaccharides  of  Friedlander  bacilli.  Furthermore,  an 
algal  po I y sacchar i de  was  found  to  inhibit  the  growth  of  Lee 
strain  of  influenza  virus  (Gerber  and  Adams,  1958;  Gerber 
et  aj_,  1958)  . 

Araki  (1959)  Has  shown  that  agar  is  a  complex 
substance  consisting  of  at  least  two  polysaccharides, 
agarose  and  agaropect i n .  Agarose  appears  to  have  a  I  inear 
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structure  made  up  of  alternating  residues  of  -D  ga I acto- 
pyranose  and  d,  6,  anhydro  L-ga I acto-pyranose  and  contains 
few  if  any  charged  groups.  The  structure  of  agaropect i n  is 
not  we  I  I  understood  and  it  may  possibly  be  a  mixture  of 
several  po I ysacchar i des .  As  a  general ization,  agaropect i n 
differs  from  agarose  in  that  it  is  sulfated  and  contains, 
in  addition  to  the  constituents  of  agarose,  D-glucuronic 
acid  and  pyruvic  acid.  The  inhibitory  effect  of  agar  on 
viral  growth  and  plaque  development  appears  to  be  due  to 
the  negatively  charged  groups  which  the  agar  contains,  or 
which  is  found  in  commercial  agar  preparat i ons . 

Takemoto  and  Liebhaber  (  I  96  I  )  found  that  wild- 
type  encepha I omy ocard i t i s  (EMC)  virus  produced  minute  plaques 
(l  mm.  at  four  days)  on  L-cel I  monolayers  with  an  occasional 
mutant  which  produced  large  plaques  (8  -  10  mm.  at  four 
days).  This  phenomenon  was  ascribed  to  the  sulfated  poly¬ 
saccharide  present  in  the  agar  which  inhibited  the  growth 
of  the  minute  plaque  former,  but  which  had  no  effect  on  the 
large  plaque  mutant.  Also,  in  the  absence  of  the  agar 
polysaccharide,  the  minute  plaque  former  actual  ly  mu  1 1 i p I  i ed 
more  rapidly  than  the  mutant. 

Liebhaber  and  Takemoto  (  I  96 1 )  discovered  that  this 
inhibitor  (a  polyanionic  sulfated  po I y sacchar i de  released 
from  the  agar  under  autoclaving  conditions)  could  be  bound 
by  a  polybasic  wat er - so  I ub I e  molecule  d i et hy I  am i noet hy I 
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dextran  (DEAE-dextran) ,  removing  its  inhibitory  effects  from 
the  agar  over  I  ay  and  thus  increasing  plaque  size.  Another 
polybasic  compound,  protamine  sulfate,  was  also  shown  to 
bind  the  sulfated  polysaccharide. 

Mi  I  es  and  Austin  (1963)  found  that  application 
of  DEAE-dextran  and  protamine  sulfate  to  a  number  of  arbovirus 
systems  resulted  in  the  production  of  clear-cut  plaques 
to  high  t i t res . 

Liebhaber  and  Takemoto  (1963)  ascribe  the 
inhibition  produced  by  the  sulfated  polysaccharide  to  an 
ionic  interaction  between  the  sulfated  polysaccharide  and 
the  (r+)  wi Id-type  virus  (but  not  the  large  plaque  (r) 
variant)  thus  preventing  the  proper  adsorption  of  the  (r+) 
virus  particle  to  the  mammal  ian  cel  I  . 

In  the  case  of  Mengo  encepha I omye I itis  virus  and 
its  inter at  ion  with  L-cells,  Colter  et  aj_  (1964)  presented 
data  that  strongly  supports  the  hypothesis  that  the  agar 
inhibitor  b  I  ocks  cel  I  -  v  i  rus  i  interact  ion  by  reacting  directly 
with  the  virus  particles  most  I i ke I y  at  those  sites  through 
which  virus  particles  attach  to  cel  Is.  It  was  also  reported 
that  protamine  itself  was  an  inhibitor  of  virus-cell  inter¬ 
action  in  suspended  cultures  and  it  was  suggested  that 
protamine  acts  by  reacting  with  the  cell  thus  presumably 
blocking  receptor  sites  on  the  cel  I  surface.  However,  the 
possibility  of  the  involvement  of  protamine  i nt race  I  I u I ar I y 
was  not  ruled  out. 
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Campbel I  and  Colter  (1965)  examining  the  effect 
of  a  number  of  different  overlays  on  the  sizes  of  plaques 
produced  by  three  variants  of  Mengo  encepha I omy e I itis  virus 
(S,  M,  and  L)  have  shown  that  certain  anionic  polymers 
(dextran  sulfate,  heparin,  chondroitan  sulfate)  have  little 
or  no  effect  on  the  sizes  of  plaques  produced  in  L-cel I 
(C3H  mouse  fibroblast)  monolayers  by  L-  and  S-Mengo  variants 
but  that  M-Mengo  virus  plaque  size  is  greatly  affected. 

The  plaque  size  may  be  either  decreased  or  increased  by 
individual  polyanions.  They  suggest  that  molecular  weight 
is  a  factor  in  determining  the  ability  of  a  sulfated  poly¬ 
saccharide  to  enhance  M-Mengo  virus  plaque  size.  Lower 
molecular  weight  preparat i ons  of  sulfated  hyaluronic  acid 
enhance  plaque  size  more  efficiently  than  do  higher  molecular 
weight  ones  containing  the  same  amount  of  sulfate.  They 
postulate  that  lower  molecular  weight  polymers  may  penetrate 
the  cel  I  efficiently  and  that  they  have  some  intracel  I u I ar 
action  resulting  in  a  faster  spread  of  virus  in  the  cel  I 
mono  layer. 

Meselson  et  a_l_  (1957)  developed  a  method  for  the 
study  of  the  molecular  weight  and  partial  specific  volume 
of  macromolecules,  viruses,  and  particulate  materials.  The 
method  involves  the  observation  of  the  equ i I ibrium  distribu¬ 
tion  of  macromo I  ecu  I ar  material  in  a  density  gradient  itself 
at  equilibrium.  The  density  gradient  is  established  by  the 
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sedimentation  of  a  solute  of  appropriate  molecular  weight 
in  a  solution  subject  to  a  constant  centrifugal  field.  The 
opposing  tendencies  of  sedimentation  and  diffusion  produce 
a  stable  concentration  gradient.  The  concentration  gradient 
and  compression  of  the  I i qu i d  result  in  a  continuously 
increasing  density  along  the  direction  of  centrifugal  force. 

In  considering  the  distribution  of  a  sma I  I  amount  of  a  single 
macrospecies  in  this  density  gradient  the  initial  concentra- 
t i on  of  the  solute,  the  centrifugal  field  strength,  and  the 
length  of  the  I i qu i d  column  may  be  chosen  so  that  the  range 
of  density  at  equ i I i br i urn  encompasses  the  effective  density 
of  the  macromo I  ecu  I ar  material  .  The  centrifugal  force  tends 
to  drive  the  macromo I  ecu  I es  into  a  region  where  the  sum  of 
the  forces  acting  on  a  given  molecule  is  zero.  The  effective 
density  of  the  macromo I  ecu  I ar  material  is  defined  as  the 
density  of  the  solution  in  this  region.  This  concentrating 
tendency  is  opposed  by  Brownian  motion  with  the  result  that 
at  equ i I ibrium  the  macromolecules  are  distributed  with  respect 
to  concentration  in  a  band  of  width  inversely  related  to 
their  molecular  weight. 

Sueoka  et  al  (1959)  demonstrated  that  the  buoyant- 
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Sch  i  Idkraut  et  a_j_  (1962)  did  a  comprehensive  study 
of  the  buoyant -dens i t i es  of  DNA  as  a  function  of  composition. 

A  linear  relationship  was  confirmed  where  buoyant -dens i ty 
W  =  1.660  +  0.098  (G  +  C).  (G  +  C)  equals  the  mole  fraction 
%  (G  +  C) .  It  was  also  shown  that  DNA  of  the  commonly  studied 
T-even  bacteriophages  exhibited  altered  densities  due  to  the 
presence  of  glucosylated  hydroxymethyl  cytosine. 

Green  and  Pina  ( 1963b)  showed  that  the  DNA's  of 
non-tumor i gen i c  adenoviruses  types  2  and  4  have  a  mole  fraction 
%  (G  +  C)  of  56%  to  57%,  while  DNA's  of  the  tumorigenic  adeno¬ 
viruses  types  12  and  |8  have  a  mole  fraction  %  (G  +  C)  of  48% 
to  49% .  Thus,  adenoviruses  types  12  and  I  8  both  have  a  % 

(G  +  C)  content  quite  different  from  the  types  2  and  4  adeno¬ 
viruses  and  closer  to  that  of  mammal  ian  cel  I  DNA  which  has  a 
mole  fraction  %  (G  +  C)  of  42%  to  44%  (Chargaff  and  Davidson, 
1955) - 

The  four  tumor- i nduc i ng  DNA -cont a i n i ng  mammalian 
viruses,  namely  adenoviruses  12  and  |8,  polyoma  virus  and 
Shope  papilloma  virus,  have  very  similar  buoyant -dens i t i es 
and  therefore  base  compositions.  This  similarity  has  led 
Green  and  Pina  (1963b)  to  propose  that  it  is  possible  that 
tumorigenic  viruses  have  evolved  from  non-tumor i gen i c  viruses 
by  deletion  of  a  piece  of  DNA  rich  in  guanine  and  cytosine. 

Kay  et  a_]_  (1952)  used  an  anionic  detergent  (sodium 
lauryl  sulfate)  to  precipitate  the  protein  substituents  of 
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calf  thymus  cel  Is.  The  method  has  the  advantage  that  the 
anionic  detergent  both  dissociates  the  nuc I eoprot e i n  complex 
into  nucleic  acid  and  protein,  and  also  precipitates  the 
protein  with  I i tt I e  or  no  fractionation  of  the  nucleic  acid. 

The  amount  of  protein  in  a  preparation  was  reduced 
by  the  sequential  use  of  the  anionic  detergent  until  little 
protein  precipitate  could  be  observed.  The  nucleic  acid 
was  then  precipitated  by  ethanol . 

The  feasibility  of  separating  nucleic  acid  deriva¬ 
tives  by  paper  chromat ography  was  demonstrated  by  V i scher 
and  Chargaff  (1948)  and  by  Hotchkiss  (1948).  A  method  for 
the  quantitative  estimation  of  derivatives  from  ribonucleic 
acid  was  developed  by  V i scher  and  Chargaff  (1948)  and  was 
later  applied  to  deoxyribonucleic  acids. 

Chargaff  et  a_[_  (1949),  Wyatt  (  I  95  I  )  described  a 
method  where  deoxyribonucleic  acid  is  hydrolysed  by  formic 
acid  to  purines  and  pyrimidines  which  are  then  separated 
by  paper  chr omat ography .  Marshak  and  Vogel  ( I  950)  reported 
quantitative  hydrolysis  of  both  RNA  and  DNA  by  12  N-perchloric 
ac i d  at  I 00°C  for  one  hour  without  prior  isolation  of  the 
nuc I e i c  acids. 

Green  and  Pina  (1963a),  using  perchloric  acid 
hydrolysis,  give  the  base  ratio  of  human  adenovirus  type 
2  as  27:  29:  22:  21;  human  adenovirus  type  4  as  27:  30:  22: 

20;  KB  tissue  culture  cells  as  21:  21:  28:  30  for  the  purine 
and  pyrimidine  bases  guanine,  cytosine,  adenine,  and  thymine, 
respect i ve I y  . 
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MATERIALS  AND  METHODS 


Virus  Strains 


The  viruses  used  in  these  experiments  were  obtained 
from  different  sources.  Toronto  A  2  6 / 6  I  virus  was  obtained 
from  Dr.  J.  Ditchfield,  University  of  Toronto.  The  infec¬ 
tious  canine  hepatitis  virus  was  obtained  from  Dr.  V.  J. 
Cabasso,  Leder I e  Laborat or i es ,  Pearl  River,  New  York.  The 
other  strain  of  infectious  canine  hepatitis  virus  (hepatitis 
contageosum  canis  -  HOC)  was  obtained  from  Dr.  J.  G. 
rCapsenberg,  Rijks  Institut  Voor  de  Vo  I  ksgezonhe  i  d  Sterrenbos, 

I  Utrecht,  Netherlands. 

Tissue  Culture  Cells 

Primary  dog  kidney  epithelial  cells  prepared  from 
young  dogs  two  to  six  weeks  old  were  used  initial  ly  for  the 
propagation  of  the  three  virus  strains.  Experimentation 
indicates  that  virus  preparations  could  be  prepared  with 
similar  levels  of  infectivity  by  infecting  a  continuous 
epithel  ial  dog  kidney  cel  I  I  i ne  (#32690)  obtained  from 
Dr.  R.  C.  Parker,  Connaught  Medical  Research  Laborator i es. 
University  of  Toronto,  Toronto,  Canada. 

Tissue  Culture  Media  (see  Appendices  #1  to  #5) 

The  fol lowing  are  the  different  types  of  tissue 
culture  media  used: 

l)  Hanks''  lactalbumin  medium  (HLA).  It  consists  of  Hanks' 
balanced  salt  solution  (Hanks  and  Wa I  lace,  1949)  with 
0.5%  lactalbumin  hydrolysate  (DIFCO  0996-01).  HLA 
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medium  was  used  for  the  initial  propagation  of  primary 
dog  kidney  epithelial  cells  to  the  monolayer  stage. 

2)  Earless  lactalbumin  with  yeast  extract  (ELY).  It 

consists  of  Earless  balanced  salt  solution  (Earle  et^ 
a  I  ,  1943)  with  0.5%  lactalbumin  hydrolysate  (DIFCO 

0996-01)  and  0.1%  yeast  extract  (DIFCO  0127-01). 

ELY  medium  was  used  to  maintain  the  secondary  PDK  cel  Is 
after  subcultures  had  been  made  of  the  original  mono- 
I  ayer . 

3)  Eagle's  minimal  essential  medium  (Eagle,  1955)  combined 
with  Hanks'  balanced  salt  solution  (EHB).  This  medium 
contains  only  l-amino  acids  (MEM  Eagle  essential  amino 
acids  50  x  concentrate  $7  I -059R  Balt  i more  Biological 
Laborat or i es ,  Baltimore,  Maryland).  Because  of  insta¬ 
bility  even  at  refrigerator  temperatures,  glutamine  is 
not  included  in  the  original  solution  of  l-amino  acids 
and  was  added  prior  to  use  in  the  concentration  of 

292  mg.  of  glutamine  per  I itre  of  medium.  EHB  medium 
was  used  for  the  nutrition  of  DKL  cel  Is  during  studies 
of  plaque  assay  methods. 

4)  Eagle's  minimal  essential  medium  with  Earle's  balanced 
salt  solution  (EEB).  This  medium  was  used  for  the 
nutrition  of  DKL  cells  during  studies  of  plaque  assay 
methods.  The  medium  was  also  the  medium  of  choice 
for  the  propagation  of  viruses  in  DKL  cel  I  monolayers. 
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5 )  Med  i um  199  with  Hanks*  balanced  salt  solution  (  I  9  9 )  ■ 

This  medium  is  prepared  according  to  the  formula  of 
Morgan  et  a_j_,  1950.  It  was  used  by  Morgan  et_  a_l_,  1950 

and  Parker  et  aj_,  195/  to  promote  continuous  cel  I 

mu  1 1 i p I  ication  in  the  absence  of  serum  or  embryo 
extracts.  It  contains  d -  and  l-amino  acids.  Medium 
199  was  used  for  the  nutrition  of  DKL  cel  Is  during 
studies  of  plaque  assay  methods. 

6)  Earle's  balanced  salt  solution  with  \%  proteose-peptone 
(DIFC0  0122-01)  added  (EPP).  This  medium  was  used  as 

a  nutritive  medium  for  a  plaque  overlay  using  primary 
dog  k i dney  cel  Is. 

7)  Minimal  essential  medium  (MEM).  The  medium  is  a 
recently  introduced  powdered  medium  produced  by  General 
Biochemicals,  Laboratory  Park,  Chagrin  Falls.  The 
exact  formula  has  not  been  reported  to  date.  The  first 
I iterature  on  the  testing  of  this  medium  appears  in  a 
paper  by  Greene  et_  ^J_  (  I  9^5)  -  The  designation  of  the 
medium  is  GB I  Powdered  Medium  MEM  (Eagle)  with  I- 
glutamine,  without  sodium  bicarbonate,  lot  ^651397- 
MEM  was  used  for  the  propagation  of  DKL  cel  Is. 

Propagation  of  Viruses 

A I  I  of  the  canine  adenovirus  strains  were  propagated, 
routinely,  in  Roux  bottles  on  monolayers  of  DKL  cel  Is  con¬ 
taining  approximately  30  million  cells. 
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Pr i or  to  the  inoculation  of  the  monolayer  with 
virus  suspensions  the  nutritive  medium  was  removed,  and  the 
cel  Is  were  washed  three  times  with  Hanks''  balanced  salt 
solution.  A  suspension  of  virus  in  Hanks*  balanced  salt 
solution  was  added  to  the  monolayer  of  cells  (10  ml.  of  a 
7-5  x  |07  TOID^/ml.  suspension).  The  virus  suspension  was 
al  lowed  to  remain  in  contact  with  the  DKL  cel  I  monolayer 
for  two  hours  at  25°C  with  agitation  every  fifteen  minutes 
to  ensure  complete  coverage  of  the  monolayer  with  the  virus 
inoculum.  At  the  end  of  the  two  hour  adsorption  time  new 
medium  (EE8  containing  50  ug./ml.  streptomycin  and  50  i.u./ 
ml  .  penici  I  I  in  and  10%  calf  serum)  was  added  to  the  bottles. 
The  infected  monolayers  were  incubated  for  five  days  at 

37°C. 

Besides  the  DKL  cel  I  I  ine,  primary  dog  kidney 
epithel  ial  cel  Is  were  also  used  for  the  propagation  of 
T oront o  A 2 6 / 6  I  virus.  The  nutritive  medium  used  for  the 
propagation  of  PDK  cel  Is  to  the  monolayer  stage  was  H LA 
with  50  i.u. /ml.  penicillin  and  50  ug./ml.  st reptomyc i n 
plus  10%  calf  serum.  Maintenance  of  PDK  cells  was  with 
ELY  medium  containing  50  i.u. /ml.  penicillin  and  50  ug./ml. 
streptomycin  with  10%  calf  serum. 

HEMAGGLUTINATION  AND  H EMAGG LUT I  NAT  I  ON- I NH I B I T I  ON  PROCEDURES 

Hemagglutination  Test 

The  hemagglutination  test  was  performed  by  preparing 
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serial  doubling  dilutions  of  hemagglutinin  to  each  of  which 
was  added  a  standard  amount  of  human  eryt hrocytes „  The 
method  was  as  fol lows:  0. 25  ml .  of  physiological  sal i ne 

was  added  to  a  series  of  13  x  100  mm.  test  tubes  with  the 
aid  of  the  Cornwal I  automatic  pipette.  A  0.5  ml .  suspen¬ 
sion  of  the  virus  to  be  tested  was  added  to  an  empty  test 
tube  (tube  # I ) ;  0=25  ml .  of  this  0.5  ml .  suspension  was 

transferred  to  tube  #2  containing  0.25  ml.  of  physiological 
saline.  This  dilution  (by  one-  half)  in  tube  $2  was  mi xed 
by  pipetting  up  and  down  three  times.  Then  0.25  ml.  was 
transferred  to  tube  #3  creating  a  dilution  this  time  of 
one-quarter.  This  procedure  was  continued  unt i I  twelve 
tubes  of  di lutions  had  been  prepared.  The  last  tube 
exhibited  a  dilution  of  1/4096  and  the  sequence  of  the 
dilutions  was  1/2,  1/4,  1/8,  l/l6,  and  so  on  to  the  final 
dilution  of  I / 4 0  9 6  » 

The  erythrocytes  for  the  hemagglutination  test 
were  obtained  as  citrated  blood  from  the  Red  Cross  Trans¬ 
fusion  Service,,  The  erythrocytes  were  sedimented  by 
centrifugation  at  2,000  rpm,  for  fifteen  minutes  and  washed 
three  times  with  physiological  saline.  The  red  cells  were 
resuspended  in  A I sever^s  solution  (Kalter,  1963)  (see 
Appendix  $ 7)  as  a  0.5%  suspension.  0.25  ml  .  of  the  0.5% 
suspension  of  erythrocytes  was  added  to  each  tube  containing 
the  virus  dilutions.  The  tubes  were  shaken  until  a  uniform 
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dispersion  of  erythrocytes  was  observed.  The  hemagglutina¬ 
tion  test  was  incubated  at  25°C  for  one  hour.  The  hemagglu¬ 
tination  unit  for  influenza  virus  has  been  defined  as: 

1)  the  highest  dilution  of  virus  in  0.5  ml.  volume  causing 

complete  agglutination  of  chicken  erythrocytes  contained 
in  0.5  ml .  of  a  0.5%  suspension  (Committee  on 
Serological  Procedures  in  Influenza  Studies,  1950  and 
W.H.O.  Technical  Report  series  No.  64,  1953);  and 

2)  the  highest  dilution  of  influenza  virus  in  a  0.25  ml. 

volume  causing  partial  (50%)  agglutination  of  chicken 
erythrocytes  contained  in  0.25  ml.  of  a  0.5%  suspension 
(W.H.O.  Technical  Report  Series  No.  64,  1953). 

The  final  hemagglutination  readings  were  taken  after  over¬ 
night  incubation  at  25°C.  By  analogy  with  influenza  virus 
the  hemagglutination  unit  for  adenovirus  was  the  highest 
di  I ut i on  of  the  three  strains  of  virus  tested  in  0.5  ml  . 
volume  causing  complete  agglutination  of  human  erythrocytes 
contained  in  0.5  ml .  of  a  0.5%  suspension. 

H emagg I ut i nat i on - I nh i b i t i on  Test 

The  method  for  the  testing  of  hemagglutination- 
inhibition  was  as  follows: 

A  series  of  100  x  13  mm.  test  tubes  was  placed  in 
a  holder;  0.25  ml.  of  physiological  saline  was  added  to  each 
tube.  The  first  tube  in  the  series  contained  only  0.5  ml. 
of  specific  rabbit  antiserum.  0.25  ml .  of  this  antiserum 


? 


•'  ' 


23 

was  added  to  tube  which  contained  0.25  ml.  of  physiolo¬ 
gical  saline.  The  dilution  of  antiserum  in  tube  #2  was 
therefore  two-fold.  This  mixture  was  pipetted  up  and  down 
three  times  and  0.25  ml .  was  transferred  to  tube  #3-  In 
this  manner  doubling  dilutions  of  the  antiserum  in  saline 
were  completed  to  20  tubes. 

To  each  tube  was  added  0.25  ml .  of  the  virus 
suspension  to  be  tested.  The  mixture  was  shaken  and  al lowed 
to  incubate  for  30  minutes  at  room  temperature  (25°C). 

These  incubation  conditions  allowed  a  combination  to  take 
place  between  the  virus  antigen  and  antibody  pr i or  to  the 
introduction  of  0.25  ml .  of  a  0.5%  suspension  of  erythrocytes 
which  was  added  to  each  tube  of  the  system  and  the  series 
was  incubated  at  room  temperature  for  one  hour.  Readings 
for  hemagg I ut i nat i on- i nh i b i t i on  were  recorded.  The  end 
point  was  taken  as  the  first  di  I ut  i  on  tube  to  show  agglutina¬ 
tion  of  the  erythrocytes .  The  tubes  were  then  incubated 
overnight  and  any  changes  in  the  original  readings  were 
recorded . 

CYT0PATH0L0GY 

Dog  kidney  cells  were  propagated  in  Leighton  tubes 
on  5  x  22  mm.  glass  si  ides  unt i  I  monolayers  had  formed 
(approximately  6  x  1 0^  cells).  The  monolayer  cell  sheets 
were  inoculated  with  a  virus  suspension  of  known  titre  and 
the  cel  Is  were  incubated  for  72  hours.  The  procedure  was 
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as  f  o  I  lows:  DlKL  cel  Is  were  suspended  to  a  density  of 

250,000  cel  Is  per  ml  .  in  EEB  containing  50  i  .u./ml  . 
penici  I  I  in  and  50  ug./ml  .  streptomyc i n  plus  10%  calf  serum. 
2.0  ml .  al iquots  were  dispensed  into  Leighton  tubes  con¬ 
taining  5  x  22  mm.  glass  cover  si ips.  The  tubes  were 
stoppered  with  white  latex  rubber  stoppers,  placed  in  a 
Leighton  tube  rack  and  were  incubated  at  37°C  unt ! I  a 
complete  monolayer  had  formed.  0.1  ml.  of  a  suspension 
of  Toronto  A  2  6 / 6 1  virus  exhibiting  an  infectivity  of  3.3  x 
10  PFU/ml.  was  inoculated  into  40  tubes.  Ten  tubes 
(uninfected)  were  kept  as  controls.  The  infected  and 
uninfected  monolayers  were  incubated  at  37°C .  Every  six 
hours,  four  infected  monolayers  and  one  uninfected  monolayer 
were  removed  and  were  fixed  with  Zenker's  fixative 
(Humanson,  1962).  Since  the  procedures  for  fixing  and 
staining  described  by  Humanson  (1962)  are  for  gross  tissue 
sections,  a  modified  procedure  was  developed  and  is  detailed 
below.  (The  different  ingredients  which  make  up  the  staining 
materials  appear  in  Appendix  #8).  The  method  of  treatment 
of  the  coversl ips  is  as  fol lows: 

1)  Fix  in  Zenker's  fixative  30  minutes. 

2)  Place  in  Lugol's  iodine  until  brown  (30  seconds). 

3)  Rinse  in  tap  water  and  place  in  a  5%  solution  of 
sodium  thiosulfate  for  30  seconds  until  the  brown  color 
d i sappear s . 
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4)  Rinse  in  tap  water  and  stain  in  hematoxylin  for  30 
seconds  o 

5)  Rinse  in  tap  water  and  then  rinse  in  Scott's  solution 
unt i I  the  tissue  changes  from  a  pinkish  hue  to  a 
blue  hue. 

6)  Wash  in  tap  water  and  place  in  water-eosin  for  two 
mi  nut es . 

7)  Dehydrate  by  rinsing  quickly  through  et hano I -eos i n , 

70%  ethanol  ,  95%  ethanol  and  then  absolute  ethanol  . 

8)  Place  in  xylene  for  two  minutes. 

9)  Mount  on  an  ordinary  glass  si i de  using  Permount  (Fisher 
Scientific  Co . ) . 

This  method  causes  the  nuclei  and  basophi I ic 
inclusions  to  appear  dark  blue  and  the  cytoplasm  and  nucleo¬ 
plasm  to  appear  pink.  Strongly  eosinophilic  inclusions 
appear  bright  red. 

Photom i crographs  were  taken  of  normal  uninfected 
dog  kidney  cel  Is  and  of  infected  dog  kidney  cel  Is. 

The  same  staining  procedures  were  used  employing 
T oront o  A 2 6 / 6  I  v  i  rus- i nf ected  PDK  cel  Is, 

VIRUS  ASSAY 

Two  methods  of  virus  assay  were  examined: 

1)  A  method  which  determi  nes  the  50%  t  i ssue  cu I t ure 
infectious  dose  (TCID^q). 

2)  Determination  of  virus  titre  in  terms  of  plaque-forming 


»1  .  !  I  y 


■  ,  .  • 


\i  il)  ^nuoitn 


26 


units  ( PF  U )  . 

Tissue  Culture  Infectious  Dose  50%  Method 

The  protocol  used  to  assay  virus  suspensions  by 
the  TCID^q  method  was  as  fol lows: 

2.0  ml.  of  DKL  cells  in  a  concentration  of  250,000 
cel Is/ml .  were  inoculated  into  15  x  125  mm.  etched  test  tubes. 
The  tubes  were  stoppered  with  number  0  white  latex  rubber 
stoppers.  These  tubes  were  incubated  at  37°C  at  an  angle 
of  about  10°  to  the  horizontal.  The  cells  settle  to  the 
lower  surface  of  the  tube  opposite  the  etched  label.  They 
grow  into  a  monolayer  to  the  extent  of  the  tissue  culture 
med i urn . 

Serial  ten-fold  dilutions  were  made  of  the  virus 
to  be  assayed,  by  adding  0.2  ml.  of  a  virus  suspension  to 
a  15  x  125  mm.  tube  containing  1.8  ml  .  of  Hanks*’  balanced 
salt  solution.  This  suspension  was  pipetted  up  and  down 
three  times  and  0.2  ml .  of  this  suspension  was  transferred 

to  the  next  tube  in  the  series  unt i I  ten-fold  di lutions 

I  -  8 

ranging  from  I  x  10"  to  I  x  10  were  completed.  0.1  ml. 
of  the  viral  dilutions  were  added  to  the  titration  tubes. 

The  titrations  were  done  in  tripl icate.  These  tubes  were 
incubated  from  ten  to  sixteen  days  and  were  read  for  cyto- 
pathic  effect  every  day  until  no  further  change  was  observed. 
Controls  were  kept  which  had  0.1  ml.  of  Hanks'7  balanced 
salt  solution  added  instead  of  the  virus  suspension.  If 
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the  pH  dropped  significantly  due  to  increased  cellular 
metabol ism,  fresh  medium  was  added  in  place  of  the  old. 
Plaque-Forming  Unit  Method 

One  of  the  problems  to  be  solved  during  the  course 
of  this  research  project  was  to  produce  a  satisfactory 
method  for  the  assay  of  Toronto  A  2  6 / 6 1  virus  by  the  plaque 
method . 

The  protocol  for  the  preparat i on  of  materials 
for  the  plaque  assay  of  Toronto  A  2  6 / 6 1  is  essential  ly  the 
same  for  each  medium  tested.  Hence,  it  will  serve  brevity 
to  give  a  general  account  of  the  method  used. 

Double  strenght  Hanks''  or  Earle's  balanced  salt 
solutions  were  prepared.  The  balanced  salt  solutions  were 
steri  I  i zed  by  autoclaving  for  15  minutes  at  I  2  I °C  and 
15  psi.  pressure.  Vitamins,  amino  acids,  calf  serum,  and 
antibiotics  were  added  ( asept i ca I  I y )  so  that  the  concentra¬ 
tions  were  twice  the  concentrations  desired  in  the  final 
agar  overlay,  since  equal  volumes  of  special  Noble  agar 
(DIFCO  0142-02)  were  requ i red  to  be  added,  prior  to  the 
addition  of  the  nutritive  overlay  to  the  infected  monolayer 
of  cells.  Two  types  of  tissue  culture  vessels  were  used 
during  the  plaque  assay  studies:  (l)  3  oz.  prescription 

bottles  stoppered  with  white  latex  rubber  stoppers,  size 
0;  and  (2)  15  x  60  mm.  sterile  disposable  tissue  culture 

dishes  (TCD  3002  Falcon  Plastics).  Several  different  types 
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of  media  were  examined  in  an  endeavor  to  find  the  most 
reliable  medium  for  the  reproducab i I i t y  of  results  for  the 
assay  of  Toronto  A26/6I  virus  using  the  plaque  assay  method. 
Different  additives  known  to  enhance  the  formation  of  plaques 
in  other  cell-virus  systems  ( L i ebhaber  and  Takemoto,  | 96 1 
Takemoto  and  Liebhaber,  1961,  Liebhaber  and  Takemoto,  1963, 

Mi  les  and  Austin,  1963,  Colter  et  a  I  ,  1964,  Campbel  I  and 

Colter,  1965)  were  examined.  These  are:  (|)  protamine 
sulfate  (salmine)  Mann  Research  Laboratory  #1451;  and  (2) 
DEAE-dextran  (Pharmacia  Uppsala  Sweden,  #72). 

Tissue  culture  dishes  containing  monolayers  of 
D  i\  L  cel  Is  infected  with  Toronto  A  2  6  /  6  I  virus  were  incubated 
in  a  5%,  CO 95%  filtered  air  atmosphere  in  a  National 
Incubator  (Model  350T,  National  Appliance  Co.,  Portland, 
Oregon)  at  37°C.  Three-ounce  prescription  bottles  containing 
monolayers  of  DKL  cells  infected  with  Toronto  A  2  6 / 6 1  virus 
were  incubated  at  37°C  in  a  standard  walk-in  incubator. 

Penicillin  and  streptomycin  were  added  to  all 
media  in  a  concent r at i on  of  50  i.u./ml.  and  50  ug./ml. 
respectively.  Because  the  methods  used  in  the  following 
experiments  are  pecu I iar  to  each  experiment,  they  are 
related  under  appropriate  headings  in  the  "RESULTS"  section. 
The  headings  are: 

Plaque  Assay  Using  Primary  Dog  Kidney  Cel  Is 
Plaque  Assay  Using  Dog  Kidney  Line  Cells 
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Effect  of  Varying  Concentrations  of  Two  Chemical  Additives 
on  Plaque  Formation 

CELL  DENSITY  AND  CONCENTRAT I  ON  OF  VIRUS  INOCULUM  STUDIES 
CONCENTRATION  OF  TORONTO  A26/6I  VIRUS 
BUOYANT-DENSITY  STUDIES 

Buoyant-Density  Comparison  Between  Toronto  A  2  6 / 6  I 
and  i CH  V  i  ruses 

The  Relationship  Between  the  Buoyant-Density  of  Deoxyribo- 

Nucleic  Acid  and  the  Mole  Fraction  %  (G  +  C) 

Because  analytical  amounts  of  DNA  could  not  be 
extracted  from  concentrated  preparations  of  Toronto  A26/6I 
virus,  it  was  decided  to  extract  Toronto  A  2  6 / 6  I  v i rus- i nf ected 
DKL  cel  Is  by  the  method  of  Kay  et  aj_  (1952)  and  submit  the 
extracted  DNA  to  gradient  centrifugation  to  equilibrium  in 
the  hope  that  if  there  were  two  species  of  DNA  (one  viral 
and  one  host  cell)  these  could  be  separated  into  two  bands 
because  of  some  difference  in  the  mole  f ract i on  %  (G  +  C). 

Mese  I  son  et  a_j_  (  I  95 7 )  ,  Sueoka  et  aj_  (  I  959)  ,  Sch  i  I  dkraut  et 
aj_  (1962)  . 

Thirty,  ten-ounce  prescription  bottles  were  seeded 
with  1.0  ml.  of  DKL  cells  at  a  density  of  250,000  cells/ml. 
and  were  allowed  to  propagate  to  monolayers  in  a  nutritive 
medium  (EEB  plus  10%  calf  serum).  The  monolayers  were  then 
washed  in  Hanks^  balanced  salt  solution,  and  inoculated  with 
a  suspension  of  Toronto  A  2  6 / 6 1  virus  at  a  concentration  of 
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approximately  25  TC  I  D ^/ce  I  I  .  The  virus  suspension  was 
al lowed  to  adsorb  to  the  monolayers  for  two  hours  at  25°C 
with  agitation  every  fifteen  minutes  to  ensure  complete 
coverage  of  the  monolayers  with  the  virus  inoculum.  After 
adsorption  fresh  medium  was  added  and  the  infected  monolayers 
were  incubated  at  37°C  unt i I  complete  cytopathic  effect 
was  observed.  The  cel  I  sheets  were  then  removed  (using  a 
rubber  po I  iceman)  into  the  nutritive  medium.  Cel  Is  were 
then  sedimented  by  centrifugation.  Control,  uninfected 
cel  Is  of  DKL  cel  Is  were  also  harvested. 

DNA  was  extracted  from  the  infected  and  uninfected 
cel  Is  using  a  modification  of  the  method  described  by  Kay 
et  a  I  (1952).  (The  procedure  appears  under  the  "CHEMICAL 
STUDIES"  section.)  300  ug.  of  DNA  from  infected  and  non- 
inf  ected  cel  Is  were  added  to  5.0  ml  .  cel  I u I ose  nitrate 
centrifuge  tubes  containing  an  89%  aqueous  solution  (y°  — 
1.778)  of  CsC  I  . 

To  test  the  rel i ab i I ity  of  the  technique,  0.5  ml . 
of  a  1.0  mg . / m I  .  solution  of  grade  A  salmon  sperm  DNA  (of 
known  mole  fraction  %  (G  +  C)  and  buoyant -dens i ty)  was  added 
to  a  third  5-0  ml  .  cel  I u  I  ose  nitrate  centrifuge  tube.  The 
solution  was  evaporated  to  dryness  _i_n  vacuo  over  phosphorus 
pentoxide.  The  dried  DNA  was  dissolved  in  5.0  ml .  of  an 
89 %  aqueous  CsC I  solution.  The  three  tubes,  each  containing 
DNA,  were  placed  in  the  type  7^39  rotor  of  the  Beckman  model 
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L-2  preparative  u I t racent r i f uge  and  were  centrifuged  at 
35^000  rpm.  for  48  hours. 

At  the  termination  of  the  centrifugation,  holes 
were  punched  into  the  bottom  of  each  centrifuge  tube  using 
a  20  gauge  hypodermic  needle  and  five-drop  fractions  were 
col  I ected,  The  density  of  each  fraction  was  calculated 
and  recorded.  Subsequently,  3.0  ml.  of  0,1  N  HC I  were  added 
to  each  fraction  and  each  was  scanned  spect rophotomet r i ca I ly 
(between  200  mu,  and  340  mu.)  in  the  Bausch  and  Lomb 
7^505  recording  spectrophotometer.  The  occurrence  of  any 
fraction  exhibiting  absorbance  typical  of  DNA  was  correlated 
with  the  density  of  the  fraction  in  which  it  was  found. 
CHEMICAL  STUD  I ES 

Base  ratio  analyses  were  attempted  on  DKL-cel I 
DNA  and  Toronto  A  2  6 / 6 1  virus  DNA.  Grade  A  salmon  sperm 
DNA  (for  which  the  base  ratios  have  been  determined,  Chargaff 
et  a  I  ,  1951)  was  used  to  test  both  the  re  I  labi  I  ity  of  the 

acid  hydrolysis  as  we  I  I  as  paper  chromat ograph i c  separation 
of  the  products  of  hydrolysis.  DNA  absorbance  curves  were 
constructed  using  salmon  sperm  DNA  and  DKL-cel I  DNA.  Also, 
absorbance  curves  were  constructed  using  purine  and  pyrimidine 
bases  derived  from  the  acid  hydrolysis  of  salmon  sperm  DNA, 
DKL-cel  I  DNA  and  Toronto  A  2  6 / 6 1  virus  DNA.  In  addition, 
absorbance  curves  were  constructed  using  grade  A  commercial 
preparations  of  the  individual  purine  and  pyrimidine  bases 
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guanine,  cytosine,  adenine,  thymine,  and  uracil.  Sample 
chromatograms  were  constructed  locating  purine  and  pyrimidine 
bases  in  their  relative  positions  as  they  would  appear  after 
chromatography .  Bases  derived  from  salmon  sperm  DNA,  DKL- 
ce I  I  DNA,  Toronto  A  2  6 / 6 1  virus  DNA,  and  individual  purine 
and  pyrimidine  bases  from  commercial  sources  were  examined. 
Extraction  of  DNA  from  DKL  Cells 

The  method  used  for  the  extraction  of  DNA  from 
DKL  cel  Is  was  a  modification  of  a  method  described  by  Kay 
et  aj_  (1952).  DKL-cells  were  propagated  to  the  monolayer 
stage  in  Roux  bottles.  Approximately  one  gram  of  DKL  cel  Is 
harvested  from  ten  Roux  bottles  were  collected  after  centri¬ 
fugation  in  the  International  Model  SB  centrifuge  (using 
§ 259  head)  at  2,000  rpm.  for  fifteen  minutes.  The  cel  Is 
were  washed  three  times  with  0.9%  sodium  chloride  and 
0.01  M.  citrate  solution  and  were  then  sedimented  into  a 
pel  let  in  a  15  ml.  screw  cap  centrifuge  tube  on  the  Cave 
Desk  centrifuge  at  1,000  rpm.  for  fifteen  minutes.  One  gram 
of  DKL  cells  was  suspended  in  20  ml.  of  0. 9%  sodium  chloride 
and  0.01  M.  citrate.  2  ml .  of  5%  sodium  lauryl  sulfate  in 
45%  ethanol  were  added.  The  suspension  was  st i rred  for 
twenty  minutes  at  room  temperature  unt i I  viscous  and  I .6 
grams  of  NaC I  was  added  to  give  a  concentration  of  I .0  M. 

The  solution  was  stirred  until  the  sodium  chloride  had 
dissolved.  This  caused  the  precipitation  of  protein  and 
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ribonucleic  acid  concurrent  with  a  decrease  in  viscosity  of 
the  solution.  The  suspension  was  centrifuged  at  2,500  rpm . , 
at  5°C  using  the  SS34  rotor  in  the  Sorva I  I  RC2  centrifuge, 
for  ten  minutes.  The  supernatant  was  retained  and  one 
volume  of  95%  ethanol  was  added.  A  glass  st i rr i ng  rod  was 
admitted  to  the  test  tube  and  the  alcohol,  which  was  the 
top  phase  of  the  two-phase  system,  was  slowly  st i rred  into 
the  0.9%  sodium  chloride  and  0.01  M.  citrate  phase.  A 
gelatinous  mass  was  wound  onto  the  st i rr i ng  rod  which  turned 
to  a  fibrous  mass  after  washing  three  times  in  95%  ethanol 
and  several  times  in  acetone  until  the  acetone  was  no  longer 
cloudy.  The  fibrous  mass  was  redissolved  in  14  ml.  of 
distilled  water  and  1.25  ml.  of  sodium  lauryl  sulfate  in 
45%  ethanol  was  added.  The  solution  was  st i rred  at  room 
temperature  for  twenty  minutes.  The  solution  was  brought 
to  1.0  M.  sodium  chloride  by  the  addition  of  0  -  8 1  grams  of 
sodium  chloride.  The  solution  was  centrifuged  at  13,000 
rpm.  for  one  hour  (using  the  type  SS34  rotor  in  the  Sorva I  I 
RC2  centrifuge}  The  supernatant  was  retained  and  one  volume 
of  95%  ethanol  was  added  with  stirring.  A  gelatinous  mass 
again  appeared  on  the  st i rr i ng  rod  which  was  subsequently 
washed  three  times  in  95%  ethanol  and  several  times  in 
acetone.  This  fibrous  residue  was  again  redissolved  in 
14  ml.  of  distilled  water.  The  solution  was  brought  to 
0 . 9%  sod  i urn  chloride  by  the  addition  of  0.137  grams  of 
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sodium  chloride.  The  solution  was  centrifuged  at  13,000 
rpm.  for  one  hour  (using  the  type  SS34  rotor  in  the  Sorva I  I 
RC2  centrifuge).  The  supernatant  was  retained  and  was 
brought  to  1.0  M  .  NaC  I  by  the  addition  of  0.784  grams  of 
sodium  chloride.  The  sodium  deoxypentose  nucleate  was 
precipitated  by  the  careful  addition  of  one  volume  of  95% 
ethanol  with  stirring.  The  fibrous  preparation  was 
redissolved  in  3  ml.  of  0.1  M.  NaC I  and  0.1  M.  Tris  buffer 
pH  7.0,  and  an  absorbance  curve  (between  200  mu.  and  340  mu.) 
of  this  DKL-DNA  was  made  using  the  Bausch  and  Lomb  #505 
recording  spect rophot omet er .  All  DN A  preparations  were 
treated  for  eight  hours  with  ribonuclease  (RNase)  at  a 
concentration  of  5  ug./ml.  of  DNA  solution  prior  to  chemical 
studies  on  the  DNA.  The  DNA  was  reprec i p i t ated  from  the 
treated  solution  and  then  reso I ub i I i zed  before  examination. 
Preparation  of  Salmon  Sperm  DNA 

Grade  A  salmon  sperm  DNA  was  dissolved  in  0.1  M. 
sodium  chloride  and  0.01  M.  Tris  buffer  at  pH  7.0  to  a 
concentration  of  1.0  mg. /ml.  From  this  solution  a  dilution 
was  made  to  contain  50  ug./ml.  This  solution  was  subjected 
to  a  spect rophotometr i c  analysis  (between  200  mu.  and 
340  mu.)  (see  Figure  #23) 

Formic  Acid  Hydrolysis  of  DNA 

Grade  A  salmon  sperm  DNA  was  used  as  a  control  to 
test  the  re  I  i ab i  I  Tty  of  the  formic  acid  hydrolysis  technique 
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described  by  Wyatt,  ( I  95  I )  .  Hydrolysis  of  the  deoxyribonu- 
c I  eat es  with  the  concurrent  release  of  purine  and  pyrimidine 
bases  was  done  in  the  fol lowing  manner:  I .0  ml .  of  a 

1.0  mg. /ml.  solution  of  salmon  sperm  DNA  and  1.0  ml.  of  a 
I .0  mg. /ml .  solution  of  DKL-cel I  DNA  were  placed  in  separate 
13  x  100  mm.  pyrex  test  tubes.  The  solutions  were  evaporated 
to  dryness  j_n  vacuo  over  phosphorus  pentoxide.  0.5  ml.  of 
a  9 0%  solution  of  formic  acid  was  added  to  each  tube  con¬ 
taining  the  DNA  and  the  tube  was  sealed  in  an  oxygen-gas 
flame.  The  sealed  tubes  were  placed  in  a  wire  test  tube 
holder  and  were  submerged  in  high-vacuum  oi I  which  was  heated 
to  I75°C  over  a  Bunsen  burner  for  30  minutes  (considered  by 
Wyatt  to  be  the  optimal  time  of  hydrolysis). 

After  hydrolysis  the  tubes  were  cooled  and  unsealed 
by  holding  the  sealed  tip  of  the  tube  in  an  oxygen-gas  flame. 
The  hydrolysates  were  evaporated  to  dryness  _i_n  vacuo  over 
phosphorus  pentoxide  in  the  same  tubes.  1.0  N  HC I  was 
added  to  the  tubes  containing  the  dried  hydrolysates  of 
DNA  in  sufficient  volume  to  make  a  solution  of  2%  to 
(W/V)  with  respect  to  the  weight  of  DNA  hydrolyzed.  The 
hydrolysates  were  al lowed  to  dissolve  and  the  solutions  were 
applied  to  Whatman  #1  chromat ograph i c  paper  with  a  micro- 
p i pett e . 

A  reference  chromatogram  was  prepared  using  the 
individual  bases  --  guanine,  cytosine,  adenine,  thymine,  and 
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uracil.  Descending  paper  chromat ography  (Notch. >iss,  1948) 
was  used  for  the  separation  of  the  bases  as  follows:  after 

the  hydrolysates  had  been  spotted  and  dried  onto  the 
chromatograph i c  paper,  the  papers  were  folded  so  that  they 
could  be  held  in  a  solvent  trough  by  a  glass  rod.  The 
length  of  the  chromat ograms  hung  down  in  a  descending  fashion 
from  a  glass  support  rod.  A  petri  dish  containing  solvent 
(65%  isopropanol  V/V  and  2.0  N  NCI  in  the  whole  vo I ume) 
was  placed  on  the  bottom  of  a  sealed  chromatograph i c  tank 
containing  the  chromatograms .  The  chromatograms  were  al lowed 
to  equilibrate  for  one  hour  at  25°C,  then  solvent  was  placed 
in  the  chromat ograph i c  solvent  troughs  and  the  ch romat ograms 
left  undisturbed  for  43  to  46  hours.  After  this  time  period 
the  chromat ograms  were  dried  overnight  at  25°C .  Contact 
photographic  prints  were  prepared  from  each  chromatogram 
using  high  contrast  photographic  paper  and  an  ultra  violet 
hand  lamp  (Markham  and  Smith,  1949).  Drawings  were  sub¬ 
sequently  prepared  from  the  photographic  prints  locating 
the  purine  and  pyrimidine  bases  in  reference  to  one  another 
and  also  in  reference  to  the  standard  bases.  Areas  of  each 
base  on  the  chromatogram  paper  were  cut  from  the  chromato¬ 
grams  and  the  bases  eluted  from  the  paper  (using  5.0  ml. 
of  0.1  N  MCI )  at  37° C  for  12  hours.  These  eluents  were 
quantitated  spect r ophot omet r i ca I  I y  and  the  base  ratios 
were  calculated  from  these  data. 
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Perchloric  Acid  Hydrolysis  of  Toronto  A26 / 6 1  Virus 

Several  attempts  to  extract  DNA  from  Toronto  A  2  6 / 6 1 
virus  fai led.  It  was  decided  to  hydrolyse  the  virus  intact 
(Marshak  and  Vogel,  1950)  and  then  attempt  to  elucidate 
the  base  ratios  using  the  same  paper  chromatograph i c 
techniques  used  earl i er  for  the  separation  of  bases  when 
pure  samples  of  DNA  were  hydrolysed. 

Toronto  A  2  6 / 6 1  virus  was  harvested  from  15  Roux 
bottles  of  infected  DKL  cel  Is.  The  virus  was  concentrated  in 
a  preformed  CsC|  density  gradient.  The  preformed  gradient 
was  prepared  as  fol lows:  solutions  with  different  densities 

were  prepared  using  CsC|  and  ion-free  water. 


So  1 ut i on  $ 

H2O  Added 

C  sC I  Added 

Calculated  Density 

1 

10  ml. 

1.2  gms . 

1.106 

2 

10  ml. 

2.5  gms . 

1.184 

3 

10  ml. 

4 . 5  gms . 

1  .309 

4 

10  ml. 

6.0  gms . 

1  .393 

5 

10  ml. 

8,0  gms  . 

1  .500 

0.9  ml.  of  solution  #5  was  added  to  a  5.0  ml . 


cellulose  nitrate  centrifuge  tube.  0.9  ml.  of  solution 
#4  was  then  layered  very  carefully  upon  solution  ffS  •  Then 
0.9  ml.  of  solution  -ft 3  was  layered  upon  solution  #4,  and  so 
on,  unt i I  al I  five  solutions  had  been  added  to  the  centrifuge 
tubes.  After  very  light  stirring  with  a  needle,  the  centri¬ 
fuge  tube  therefore  contained  a  preformed  density  gradient 
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ranging  from  I  .  I  06  at  the  top  of  the  tube  to  1.500  at  the 
bottom  of  the  tube.  Partially  purified  Toronto  A  2  6 / 6  I 
virus  (in  a  total  volume  of  0.5  ml.;  was  then  added  to  the 
top  layer  (solution  #l)  of  the  tube,  making  a  total  volume 
in  the  centrifuge  tube  of  5.0  ml.  The  procedure  was  done 
in  triplicate  and  the  three  tubes  were  placed  in  the  type 
#39  rotor  of  the  Beckman  L-2  preparative  u I t racent r i f uge . 

The  tubes  were  centrifuged  at  35,000  rpm .  for  six  hours. 

At  the  completion  of  the  centrifugation  the  centrifuge 
tubes  were  removed,  holes  were  punched  in  the  bottoms  with 
a  20  gauge  hypodermic  needle  and  the  contents  of  the 
centrifuge  tubes  were  dripped  into  col  I ect i ng  tubes. 

Visibly  obvious  bands  of  virus  were  collected  separately. 

The  densities  of  the  fractions  (containing  the  bands) 
were  determined  experimentally.  The  fractions  containing 
the  bands  were  also  subjected  to  spect rophotomet r i c 
analysis  (between  200  mu.  and  340  mu.)  to  determine 
whether  or  not  an  absorbance  curve  typical  of  the  Toronto 
A  2  6  /  6  I  virus  was  evident. 

Viral  fractions  from  the  three  tubes (carr i ed  by 
the  type  #39  rotor  of  the  Beckman  L-2  preparative  ultra- 
cent  r  i  f  uge)  were  combined  (total  volume  3.0  ml.)  and  dialysed 
against  one  litre  of  0.01  M.  Tris  buffer  pH  8.0  at  5°C  for 
24  hours  to  remove  the  CsCl  from  the  preparation.  The 
I iquid  content  of  the  dialysis  tubing  was  then  reduced  to 
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zero  by  drying  in  a  current  of  air  in  a  fume  cupboard  at 
25°C .  The  dialysis  tube  was  then  si  it  and  the  contents 
were  washed  into  a  centrifuge  tube  with  I .0  ml  .  of  0=01 
M  =  MgC I  2  in  Tris  buffer  at  pH  8  =  0=  DNase  and  RNase  were 
added  to  the  virus  suspension  which  was  incubated  at  room 
temperature  for  eight  hours.  The  virus  was  subsequently 
residemented  and  dried  j_n  vacuo  over  phosphorus  pentoxide 
in  a  13  x  100  mm =  pyrex  tube.  Perchloric  acid  hydrolysis 
(essentially  the  same  method  described  by  Green  and  Pina, 
I9b3a)  of  Toronto  A  2  6 / 6  I  virus  was  attempted  in  the  f o I  lowing 
manner:  0.5  ml.  of  perchloric  acid  was  added  to  the  pyrex 

tube  containing  the  Toronto  A  2  6 / 6  I  virus.  The  tube  was 
sealed  with  the  aid  of  an  oxygen-gas  flame.  The  virus  was 
hydrolysed  (for  one  hour  at  I00°C)  in  a  water  bath,  cooled, 
and  the  tube  opened  by  melting  the  sealed  tip.  A  solution 
of  3=95  M=  K0H  was  added  dropw i se  to  the  hydrolysate 
until  neutral  pH  was  achieved.  This  procedure  caused  the 
precipitation  of  potassium  chlorate  concurrent  with  the 
pH  neut ra I i zat i on  of  the  hydrolysate.  The  potassium 
chlorate  was  sedimented  by  centrifugation  at  10,000  rpm . 
for  ten  minutes  in  the  type  SS34  rotor  of  the  Sorva I  I 
RC2  centrifuge.  The  hydrolysate  was  then  spotted  directly 
onto  Whatman  # I  chr omat ograph i c  paper  using  a  micropipette. 
Descending  chromat ograph i c  procedures  for  46  hours  were 
employed  for  the  separation  of  bases  using  the  same  iso- 
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propanol  ~  HC I  solvent  as  previously  described.  Ultra 
violet  absorbing  regions  represent i ng  the  bases  were  located 
on  the  chromatogram  using  an  ultra  violet  hand  lamp.  These 
areas  were  cut  from  the  chromatogram  and  eluted  with  3.0 
ml,  of  0  a  I  N  HC I  .  The  eluents  were  qua  nt itated  spectro- 
p h ot omet r i c a  I  ly  and  the  base  ratios  calculated  from  these 
data  . 

A  composite  drawing  taken  from  chromatograms  was 
prepared  locating  the  separated  bases  of  commercial  grade 
A  preparations  of  the  individual  bases,  salmon  sperm  DNA, 
DKL-cel I  DNA,  and  Toronto  A26/6I  virus  DNA  (see  Plate  #7). 
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RESULTS 

HEMAGGLUTINATION  AND  H EMAGGLUT 1  NAT  I  ON  -  1 NH I B I T I  ON  PROCEDURES 
H emagg j ut i nat i on  Test 

Toronto  A 2 6 / 6 i  virus  and  the  two  strains  of 
infectious  canine  hapatitis  virus  (ICH,  HCC)  were  examined 
lor  their  ability  to  cause  hemagglutination  using  human 
erythrocytes  from  the  blood  groups.  A,  B,  AB,  and  0.  The 
results  of  these  examinations  appear  in  Table  $  I  . 

Table  //  I 


Virus 

Human 

Erythrocytes 

of  Blood 

Group 

T  est  ed 

A 

B 

AB 

0 

A26 

20g  8* 

2048 

2048 

2048 

ICH 

1024 

1024 

1024 

1024 

HCC 

2048 

2048 

2048 

2048 

^Reciprocal  hemagglutination  titre  --  a  hemagglutination 
unit  is  defined  as  the  highest  dilution  of  virus  in  a  0.5 
ml.  volume  causing  complete  agglutination  of  the  erythro¬ 
cytes  contained  in  0.5  ml.  of  a  0. 5%  suspension  of 
erythrocytes. 

Each  virus  examined  entered  into  a  hemagglutination 
reaction  with  erythrocytes  from  each  of  the  human  blood 
groups.  Moreover,  any  one  virus  displayed  equal  hemagglu- 
t i nat i ng  ability  with  each  of  the  groups  examined  (i„e. 

T oront o  A 2 6 / 6  I  virus  gave  the  same  reciprocal  hemagglutination 


42 

titre  with  erythrocytes  from  Group  A ,  B ,  AB,  or  0).  Only 
human  erythrocytes  were  examined. 

Hemaggluti nation- Inhibit  ion  Test 

The  results  of  the  examination  of  Toronto  A  2  6 / 6 1 
virus  specific  antisera  (prepared  by  intravenous  injection 
of  a  Toronto  A 2 6 / 6  I  virus  suspension  into  two  rabbits 
designated  #  1927  and  $1950)  for  their  ab  i  I  ity  to  cause 
hemagg I ut i nat i on - i nh i b i t i on  in  an  agglutinating  system 
using  type  "0"  human  erythrocytes  and  a  suspension  of 
Toronto  A  2  6 / 6 1  virus  (TCID^^  =  I  x  10^)  appear  in  Table  |2, 

Table  $2 

Rabbit  Antiserum  Specific  Reciprocal  Hemagglutination 
for  Toronto ' A26/6 I  V  i rus  _ Titre  of  the  Antibody _ 

#192 7  2048 

#1950  4096 

CYT0PATH0L0GY 

The  results  of  the  inoculation  of  DKL  cel  Is 
and  PDK  cel  Is  with  Toronto  A  2  6 / 6 1  virus  are  summarized 
in  Table  #3 ,  page  43. 
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Table  7^3 


Hours  Post  Infection 

Density  of 
DK L  Cells 

Intranuclear  inclusions 

PDK  Cells 

0 

- 

6 

- 

- 

12 

- 

- 

18 

- 

- 

24 

- 

- 

30 

- 

- 

36 

+ 

+ 

42 

t 

++ 

48 

t 

+++ 

72 

t 

+++ 

+ 

1 ow  number  of  i nc 1 

us i ons 

(at  500  x,  1  or  2  nuclei 

with  i nc 1  us i ons) 

++ 

moderate  number  of 

inclusions 

(at  500  x,  approximately 

40%  of  nuclei  with 

i nc 1  us i ons) 

++  + 

larger  number  of  i 

nc 1  us i ons 

(at  500  x,  9 0%  of  nuclei 

with  inclusions  and  gross 

degeneration  of  cel  1 

monolayer) 

Above  densities  based 

on  the  observation  of  several  different 

fields. 
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Inclusions  appeared  in  DKL  cells  and  PDK  cells  at 
approximately  the  same  time  post  infection  (36  hours),  but 
were  relatively  few  in  number  in  the  case  of  DKL  cells. 

The  I ow  number  of  i ntranuc I  ear  i nc I  us i ons  appear i ng  i n  the 
DKL  cells  was  ascribed  to  a  relatively  low  multiplicity  of 
infection  (  0 .  I  ml.  of  a  T  or  ont  o  A  2  6 / 6  I  virus  suspension 
exhibiting  an  infectivity  of  3=3  x  10^  PFU/ml.*  or  approxi¬ 
mately  one  PFU  per  two  cells).  Therefore,  when  PDK  cells 
were  inoculated,  I „  0  ml .  of  the  virus  inoculum  was  used, 
or  approximately  five  PFU  per  cell. 

Photom i crographs  were  taken  of  normal  and  Toronto 
A  2  6 / 6  I  v i rus- i nf ected  PDK  cel  Is  and  are  presented  in  Plates 
2,  3,  4,  and  5. 

Plate  ff 2  is  a  photograph  of  an  uninfected  mono- 
layer  of  cel  Is.  The  nucleol  i  which  appear  as  dark  areas 
in  the  nucleus  are  a  deep  blue  or  basoph i I ic  color.  The 
cytoplasm  and  nucleoplasm  st ains  a  pinkish  or  an  eosinophilic 
color.  One  cell  in  the  centre  of  the  photograph  is  under¬ 
going  mitosis  and  the  chromosomes  are  stained  a  dark  blue. 

Plate  #3  is  a  photograph  of  an  infected  monolayer 
of  PDK  cel  Is.  Inclusions  within  the  nucleus  are  obvious. 

Cell  degeneration  and  pyknosis  can  be  observed.  This  mono- 
layer  was  photographed  48  hours  post  infection. 

Plate  #4  is  a  photograph  of  an  infected  monolayer 
at  a  higher  magnification.  Inclusions  can  be  observed  in 
*See  Page  23 


t 


>I'1I 


rj  9oO 


-onom 


■■  <\h  i;JO  O^q  r&w 


T£  > 


u  i  i  (■  e r e n t  stages  op  i  oriisat  i  on  within  d  i  I  ferent  cells. 

(A)  Indicates  a  nucleus  in  the  early  stages  o f  inclusion 

format  ion. 

(B)  Indicates  a  nucleus  with  the  inclusions  further  along 
in  development.  Hie  interiors  oE  the  inclusion,  as 
viewed  after  hematoxyl in-eosin  staining,  are  a  bright 
pink  with  basophi I ic  borders  becoming  evident. 

(C) ,  (D),  and  (E)  Represent  an  even  later  stage.  The 

eosinophilic  centres  of  the  inclusions  are  very  faint 
in  these  nuclei.  The  vacuo! at  ion  around  the  nucleus 
of  (D)  and  (E)  is  character i st i c  of  this  stage. 

(F)  Indicates  complete  basophilia  of  the  nucleus.  The 

eosinophi I ia  which  indicates  the  presence  of  protein 
is  very  faint  and  the  basophilia  which  indicates  the 
presence  of  nucleic  acid  is  very  prom i nent „ 

VIRUS  ASSAY 

Tissue  Culture  Infectious  Dose  50%  Method  of  Viral  Assay 

Below  is  the  result  of  a  tube  titration  of  stock 
Toronto  A 2 6 / 6  I  virus  propagated  in  DKL  cel  Is  using  as  a 
nutritive  medium  EEB,  1 0%  calf  serum,  50  i.u./ml.  penicill 
and  50  ug./ml.  st reptomyc i n ,  The  Reed  and  Muench  (1938) 
method  of  calculation  of  TCID^  is  also  shown. 


'■ 


46 


Date 


Table  7^4 

D i  I ut i on  s 


1964 

Sept . 

25 

I0'1 

I0‘2 

I0~3 

O  ! 

1  1 

1 

I0~5 

10'6  10"7  io-8  c 

28 

+++ 

+++ 

-  -  - 

-  -  - 

-  -  - 

-  -  -  -  -  -  -  -  -  - 

30 

+++ 

+++ 

+++ 

+  +  + 

-  -  - 

-  -  -  -  -  -  -  - 

Oct  = 

1 

+++ 

+++ 

+++ 

+  +  + 

++  + 

+++  —  —  — 

5 

+++ 

H — 1 — b 

+++ 

+++ 

+H — 1" 

+++  -  -  -  —  — 

T  ab  1 

e  #5 

Obsv.  No.  of 

Log  Dilution  P(  +  )  &  N(-)  Cult. 
of  Virus  P(+)  N ( - ) _ 


Cum .  No . 
Cult. 

P(+)  N(-) 


%  Posit  i  ve 
P 


N+P 


x  100 


I  x  10 


I  x  10 


I  x  10 


c  8 


-7 


-6 


0 


3 

2 

0 


0 


5 

2 

0 


0/0  +  5  x  100 


—  U/o 


+  2  x  100 

=  33 . 3% 

4/4  +  0  x  100 
=  100% 


Calculation  of  the  logarithm  of  the  50%  end-point  dilution 

(ED50): 

f\  7 

The  50%  end  -point  I ies  between  I  x  I 0~  and  I  x  10 

Log  EDr0  =  -7.0  +  (-6-7)  33.3  -  50 

33.3  -100 


=  -7  +  0.25 


=  -6.75 

Therefore,  ED,-q  =  ^’75 


(NOTE:  Exponent,  base  10 

—  I ogar i thm) 


, 
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Therefore,  the  titre  of  the  virus  suspension  in 
terms  of  TCID^q  is:  I  x  IO^"^/Oa|  ml.  (because  it  is  the 

reciprocal  of  the  ED,-q  of  0.1  ml.  of  the  virus  suspension), 

7 . 75 

or ,  I  x  10  "  / I . 0  ml  .  which  is  the  infectivity  per  ml  .  of 

the  original  suspension  of  Toronto  A  2  6 / 6  I  virus. 

Plaque  Assay  Using  PDK  Cel  Is 

Primary  dog  kidney  cel  Is  were  prepared  as  described 
i n  Append i x  #6.  They  were  suspended  in  H LA  medium  containing 
50  i  .u./ml  .  penici  I  I  in  and  50  ug./ml  .  streptomycin  plus  2% 
calf  serum  and  inoculated  into  three-ounce  prescription 
bottles  in  10.0  ml .  al iquots.  The  bottles  were  stoppered 
with  white  latex  rubber  stoppers,  size  0,  and  incubated  at 
37°C  until  complete  monolayers  had  formed. 

Toronto  A  2  6  /  6 1  virus  of  known  titre  (l  x  I0^'~* 
TOID^/ml.)  was  serially  diluted  (ten-fold)  from  I  x  10”* 
to  I  x  10-5  in  Hanks'  balanced  salt  solution. 

Pr i or  to  inoculation  of  the  complete  monolayers 
of  PDK  cells  with  the  different  dilutions  of  Toronto  A  2  6 / 6 1 
virus  the  medium  was  discarded  and  the  cel  I  sheets  were 
washed  three  times  with  Hanks'  balanced  salt  solution. 

0.3  ml  .  of  the  different  virus  di  lutions,  ranging  from 
I  x  10  *  to  I  x  10  5/  was  added  to  dup I icate  bottles.  Two 
control  bottles  were  inoculated  with  0.3  ml.  of  Hanks' 
balanced  salt  solution.  The  virus  was  allowed  to  adsorb  to 
the  tissue  culture  monolayers  for  two  hours  at  25°C  with 
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agitation  every  fifteen  minutes. 

The  following  nutritive  overlay  media  were  examined 
using  the  Toronto  A26/6I  virus-PDK  cell  host  system: 
l)  ELY  with  2%  calf  serum  added 


2) 

ELY 

n 

10% 

n 

n 

// 

3) 

HLA 

n 

2% 

// 

// 

// 

4) 

EHB 

u 

2% 

// 

n 

a 

5) 

199 

// 

2% 

n 

n 

n 

6) 

EEB 

// 

2% 

// 

n 

n 

7) 

EPP 

// 

to 

// 

// 

n 

The  media,  just  prior  to  mixing  with  agar,  were 
placed  in  a  37°C  incubator.  Autoclaved,  2%  special  Noble 
agar  was  maintained  at  43°C  to  prevent  solidification. 

After  the  period  al lowed  for  viral  adsorption, 
10.0  ml  .  al  iquots  of  equal  volumes  of  nutritive  medium  and 
3%  Noble  agar  (pH  =  7.0)  were  added  to  the  Toronto  A  2  6 / 6 1 
v i rus- i nf ected  PDK  cell  sheets.  The  bottles  were  stoppered 
and  were  placed  flat  side  down  on  a  level  table  (insuring  a 
uniform  thickness  of  agar)  until  solidification  of  the  agar 
overlay  was  complete.  The  cultures  were  incubated  at  37°C 
for  not  less  than  eleven  days,  or  unt i I  it  became  obvious 
that  the  cell  sheet  was  no  longer  viable.  At  the  end  of 
the  incubation  period  1.0  ml.  of  a  0.02%  solution  of  neutral 
red  was  app I i ed  to  each  overlay  and  the  overlays  were  incu¬ 
bated  for  a  further  six  hours  at  37°C  in  a  standard  walk-in 
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incubator.  The  neutral  red  diffused  through  the  agar  and 
stained  the  viable  cel  Is.  Areas  of  cel  Is  destroyed  by  the 
virus  appeared  as  unstained  c i rcu i ar  plaques.  These  plaques 
were  counted  and  were  correlated  with  the  dilution  to  give 
an  estimate  of  the  number  of  plaque-forming  units  contained 
within  the  original  suspension  of  Toronto  A  2  6 / 6  I  virus. 

Plaque  assay  results  obtained  using  pr i mary  dog 
kidney  cel  Is  were  unsatisfactory  because  the  cel  I  monolayers 
degenerated  before  the  appearance  of  visible  plaques.  The 
overlay  media  became  acidic  approximately  four  days  after 
application  of  the  agar  overlay.  These  acidic  conditions 
were  be  I  i eved  responsible  for  the  degeneration  of  the  mono- 
layers.  Therefore,  primary  dog  kidney  cel  Is  were  not  used 
for  subsequent  virus  assay. 

Plaque  Assay  Using  DKL  Cel  Is 

DKL  cel  Is  were  tested  for  plaque  product i on  by 
Toronto  A 2 6 / 6  I  virus.  These  cel  Is  were  propagated  routinely 
in  EEB  containing  a  vitamin  supplement  (Eagle,  1955)  50  i.u./ 
ml  .  of  penici  I  I  in  and  50  ug./ml  .  of  streptomycin  plus  10% 
calf  serum.  Variations  in  the  concentrations  and  treatments 
of  different  additives  i ncorporated  into  the  above  nutritive 
medium  were  examined  for  their  ab i I ity  to  enhance  plaque 
formation.  These  were: 

I  )  Var  ious  concentrations  of  calf  serum,  both  normal  and 
heat  inactivated  (held  at  56°C  for  one  hour)  were 
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added  to  the  nutritive  fraction  of  the  overlay 
medium^  2%,  5%,  and  10%  concentrations  of  calf  serum 
were  added  to  the  respective  agar  overlays, 

2)  Phenol  red,  which  is  routinely  added  to  the  EEB 
nutritive  medium  in  a  concentration  of  2  mg./ml.,  was 

on  one  occasion  excluded  from  the  nutritive  agar  overlay 
medium  to  assess  the  effect,  if  any,  on  cell  sheet 
I  ongev i ty . 

3)  The  vital  dye  (neutral  red)  was  added  to  the  special 
Noble  agar  in  a  0.01%  concentration  prior  to  the 
addition  of  the  agar  overlay  to  the  infected  cel  I  sheet. 
Also,  in  certain  instances,  the  vital  dye  was  added 

to  the  agar  overlay  at  the  completion  of  the  incubation 
period  in  a  0.02%  solution,  1.0  ml. /tissue  culture 
vesse I . 

4)  Eaglets  vitamin  supplement  (see  Appendix  #3)  was  added 
to  the  final  nutritive  agar  overlay  medium  so  that 
the  concentration  was  normal  with  respect  to  the 
formulation  reported  by  Eagle  ( I  955 ) =  (This  supplement 
contains  eight  vitamins  in  various  concentrations.) 
Another  experiment  was  conducted  wherein  the  concentra¬ 
tion  of  the  vitamins  was  double  the  concentration 
reported  by  Eagle  (1955). 

5)  The  effect  of  Eaglets  essential  amino  acid  supplement 
(see  Appendix  #4)  on  plaque  formation  was  examined  at 
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normal  and  twice  normal  concentrations  as  described 
in  his  f ormu I  at i on  (Eagle,  1955). 

6)  Glutamine  was  examined  for  its  effect  on  plaque 

f  ormat ion.  292  mg. /litre  and  584  mg. /litre  in  the 
final  nutritive  agar  overlay  medium  were  the  concentra¬ 
tions  used  . 

The  additives  were  added  to  the  nutritive  agar 
overlay  medium  aseptically  after  balanced  salt  solutions 
and  agar  had  been  autoclaved  and  cooled  (37°C  and  43°C 
respectively).  Different  concentrations  of  calf  serum  had 
I ittle  noticeable  effect  on  plaque  size,  but  infected 
monolayers  containing  a  10%  concent rat  i  on  of  calf  serum 
were  less  acidic  and  the  cel  I  sheets  presented  a  healthier 
appearance  than  those  cell  sheets  where  lesser  amounts  of 
calf  serum  had  been  added.  Calf  serum,  whether  heated  to 
56°C  for  30  minutes  or  not  heated,  produced  no  observable 
effect  with  regard  to  plaque  size  or  number. 

No  detectable  alteration  in  the  cell  monolayer 
was  observed  when  phenol  red  was  omitted  from  the 
nutritive  agar  medium,  as  compared  with  experiments  where 
phenol  red  was  i ncorporated  into  the  overlay  material. 

The  infected  monolayer  did  not  remain  viable 
when  the  vital  dye  (0.01%  final  concent rat i on )  was  added 
to  the  agar  overlay  material  at  the  time  of  app I ication 
of  the  overlay  to  the  infected  monolayers.  Superior  def i - 
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nition  of  plaques  was  observed  when  1.0  ml.  of  a  0,02% 
solution  of  neutral  red  was  added  to  the  titration  system 
after  the  incubation  period.  The  plaques  were  more  clearly 
observable  three  to  six  hours  after  application  of  the 
neutral  red  dye  than  if  the  system  was  incubated  overnight 
at  37°C  after  application  of  the  dye. 

The  results  of  the  effects  on  plaque  enhancement, 
by  the  addition  of  different  concentrations  of  (l)  Eagle's 
vitamin  supplement,  (2)  Eagle's  amino  acid  supplement,  and 
(3)  glutamine,  are  summarized  in  Figure  # I.  The  con¬ 
centrations  of  additives  are  indicated  within  each  bar  on 
the  graph,  as  follows:  V  =  vitamins;  G  =  glutamine; 

Aa  =  amino  acids. 

The  criterion  for  the  enhancement  of  plaque 
formation  is  based  on  the  diameters  of  the  observable  plaques. 
It  may  be  seen  in  Figure  $ \  that  the  enhancement  of  plaque 
formation  does  not  necessarily  result  in  a  higher  titre  of 
virus.  Double  the  normal  concent  rat i on  of  amino  acids 
produced  the  largest  plaques. 

Effects  of  Varying  Concentrations  of  Two  Chemical  Additives 

on  the  Enhancement  of  Plaque  Formation 

Two  chemical  additives,  (l)  d i ethy I  am i noet hy I  - 
dextran  (DEAJi-dextran ) ,  and,  (2)  protamine  sulfate,  known 
for  their  ab i I ity  to  enhance  plaque  size  of  several  arbo¬ 
viruses  in  human  tissue  culture  systems,  (Miles  and  Austin, 
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1963),  as  well  as  enc-epha  I  omyocard  i  t  i  s  (EMC)  and  L-cells 
( L i ebhaber  and  Takemoto,  1963),  mengo  virus  and  L-cells 
(Colter  et  aj_,  1964),  were  tested  with  the  Toronto  A  2  6  /  6 1 
virus  and  DKL  cel  I  system. 

These  additives  were  prepared  as  fol lows: 
DEAE-dextran  was  dissolved  in  ion-tree  water  to  give  a 
1.0%  solution  and  sterilized  by  filtering  through  a 
m i  I  I  i pore  filter,  pore  size  0.45  u.  The  solution  was 
added  to  the  3%  special  Noble  agar  solution  to  give  the 
following  concentrations:  0  ug./ml.;  50  ug./ml.;  100  ug . / 
ml.;  150  ug./ml.;  200  ug./ml. 

The  various  overlay  media  each  containing  a 
different  concentration  of  DEAE-dextran,  were  then  added 
to  EEB  containing  50  i.u./ml,  penicillin,  50  ugD/ml. 
streptomycin,  10%  calf  serum  with  double  the  normal  con¬ 
centration  of  Eagle's  amino  acid  supplement.  DKL  cells 
infected  with  Toronto  A  2  6 / 6  I  virus  were  over  I ayed  with 
the  above  preparations  and  were  incubated  at  37°C  for  ten 
days . 

The  resuits  of  these  experiments  are  summarized 
in  Figure  # 2 .  The  optimum  concentrations  of  DEAE-dextran 
for  the  enhancement  of  plaque  size  were  found  to  be  between 
100  to  150  ug./ml. 

In  a  similar  manner,  protamine  sulfate  was 
prepared  in  a  I .0%  solution  in  ion-free  water  and  was 
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filter  sterilized  using  a  millipore  filter.  The  protamine 
sulfate  was  added  to  the  3%  special  Noble  agar  solution 
so  that  the  final  concentrations  of  the  additive  in  final 
overlay  medium  were  0  ug,/ml;  50  ug./ml.;  100  ug./ml.; 

150  ug./ml 200  ug./ml »  The  results  of  the  effects  of 
various  concent  rat i ons  of  protamine  sulfate  on  plaque 
size  are  summarized  in  Figure  #3  - 

The  optimum  concentration  of  protamine  sulfate 
for  the  enhancement  of  plaque  size  was  75  ug./ml.  The 
experiment  wherein  200  ug./ml.  of  protamine  sulfate  was 
used  failed  to  give  useful  results.  Plaques  were  ill- 
defined  and  could  not  be  counted. 

The  results  of  the  comparison  of  the  PFU  method 
of  virus  titration  with  the  TCID^^  method  of  virus  titra¬ 
tion  are  summarized  in  Figure  # 4.  The  comparison  was  made 
from  a  series  of  twenty  separate  experiments  where  both 
methods  of  titration  were  used.. 

Conditions  under  which  experiments  #|  to  #5 
were  conducted  were  not  as  carefully  controlled  with  respect 
to  nutritive  agar  overlay  material  as  were  the  conditions 
under  which  experiments  #6  to  #20  were  conducted.  This 
control  is  reflected  in  the  variation  between  PFU  titres 
when  compared  with  TCIDj-q  titres.  PFU  titres  approximate 
TCID50  titres  to  a  lesser  degree  in  the  first  five  experi¬ 
ments  (differences  vary  from  I  to  4  logs).  In  the  last 
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fifteen  experiments,  PF  U  titrations  and  TCID^  titrations 
are  within  the  same  log, 

THE  EFFECT  OF  CELL  CONCENTRATION  ON  VIRUS  PRODUCTION 

Green  and  Pina  (1963a)  used  suspension  cultures 
of  KB  cells  to  propagate  human  adenoviruses  types  2  and  4 
with  satisfactory  results.  It  was  decided  to  determine 
whether  or  not  suspension  cultures  of  DKL  cells  were 
satisfactory  for  the  propagat  i  on  of  Toronto  A  2  6 / 6  I  virus. 

A  suspension  (  1 00  ml.)  of  DKL  cells  at  a 
density  of  I  x  10^  cel Is/ml .  was  inoculated  with  Toronto 
A  2  6  /  6 1  virus  exhibiting  a  titre  of  I  x  I06’9  TCID^/ml. 
so  that  the  concentration  of  inoculum  was  I  TOID^/cel 
approximately.  The  cell-virus  mixture  was  incubated  at 
37  C  for  two  hours,  under  constant  agitation.  Aliquots 
of  the  above  mixture  were  diluted  to  the  desired  cell  con¬ 
centrations  (see  Table  #6)  using  EEB  medium  conta i n i ng 
50  i  .u./ml  .  penici  I  I  in,  50  ug./ml  ,  streptomycin,  10%  calf 
serum.  Eagle's  vitamin  supplement  and  twice  the  normal 
concentration  of  Eaglets  amino  acid  supplement,  plus 
glutamine.  The  cell  concentrations  examined  are  shown 
in  Table  #6  }  page  56. 


Table 


ff=6 


bb 


Flask 
No . 

1 

2 

3 

4 


Yield  In 


Initial 

Concent  rat i on 

Final 

Concentration 

PFU/0.3 

x  I03 

250,000  cel  1 

1  s/m  1  . 

337 , 500  cell 

1  s  /  m  1  . 

- 

500,000  cel  1 

1 s/ m 1  . 

527,500  cel  1 

1 s /m 1 . 

18 

750,000  cel  1 

1  s/m  1  . 

787, 500  ce 1 1 

1  s/ m 1  . 

55 

1 ,000,000  cel  1 

s/ml  . 

1 ,012,000  cel  1 

s/ml  . 

13 

The  infected  DKL  cell  cultures  (  1 00  ml.)  were 
placed  in  steri le  250  ml .  Er I enmyer  flasks  containing  a 
sterile  bar  magnet.  The  flasks  were  then  placed  over  a 
"Magnastir"  apparatus  and  incubated  for  48  hours  at  37°C. 

After  the  incubation  period  the  flasks  were 
placed  in  a  freezer  (~20°C)  and  subsequently  the  cells 
were  frozen  and  thawed  three  times.  The  cells  were  sedi¬ 
mented  in  an  International  centrifuge  (Model  SB,  head  259, 
25  C)  at  2,000  rpm.  for  fifteen  minutes.  The  cel  I  pel  lets 
were  then  resuspended  in  10  ml.  of  their  original 
nutritive  medium  and  were  pipetted  up  and  down  vigorously 
ten  times  in  order  to  dislodge  virus  from  the  disrupted 
cel  Is.  Each  of  the  four  10  ml  .  suspensions  was  centri¬ 
fuged  at  2,000  rpm.  for  ten  minutes  and  the  supernatants 
were  recombined  with  their  respective  90  ml.  culture 
supernatant  s . 

The  supernatants  represent i ng  each  cell  con- 


' 

57 

centration  were  assayed  by  the  PFU  method  of  assay  using  75  ug./ 
ml.  of  protamine  sulfate  in  the  special  Noble  agar. 

The  yield  of  virus  is  represented  in  Figure  $5 .  Titres 
are  in  PFU/0.3  ml  .  x  I  0  ,  cel  I  concentrations  appear  as  shown. 

An  initial  cell  concentration  of  750,000  cells/ml,  appeared  to 
produce  the  best  yield  of  virus,  but  this  yield  was  still  very 
low  as  compared  with  yields  obtained  from  monolayer  cultures 
infected  with  Toronto  A  2  6 / 6 1  virus.  The  yield  obtained  from  the 
preparation  containing  750,000  cells/ml.  was  1.6  x  1 0~*  PFU/ml. 
or  a  yield  of  approximately  2  PFU  for  every  10  cells  as  compared 
with  an  inoculum  concentration  of  I  TOID^/cell. 

Yields  for  monolayer  cultures  varied  from  I  x  10^  to 

o 

I  x  10  TCID^q/itiI.,  or  approx  i  mat  e  I  y  4  to  8  TOID^/cell  using 
a  simi  I  ar  inoculum  concentration  of  I  TOID^/cel  I  . 

THE  EFFECT  OF  VIRUS  CONCENTRATION  ON  VIRUS  PRODUCTION 

DKL  cel  Is  were  seeded  into  three-ounce  prescription 
bottles  at  a  concentration  of  250,000  cel Is/ml .  and  incubated 
at  37°C  until  complete  monolayers  had  formed  (two  days).  The 
cell  sheets  on  two  represent at i ve  three-ounce  bottles  were  treated 
with  versene  to  remove  the  cells  for  counting  with  a  hemocyt omet er . 
The  average  count  was  9-6  x  10^  cells  per  bottle. 

Toronto  A 2 6 / 6  I  virus,  exhibiting  a  titre  of  I  x  10^"^ 
TCID^Q/ml.  was  added  to  the  monolayers  in  ml.  quantities  until 
the  following  v i rus-to-ce I  I  ratios  were  obtained: 
l)  6  TC I D^g/ce II 


, 
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2)  10  TCID50/cel I 

3)  20 

4)  25 

5)  30 

After  inoculation  the  infected  monolayer  cel  Is  were 
incubated  for  two  hours  at  25°C  with  agitation  every  fifteen 
minutes,,  After  a  two  hour  adsorption  time,  additional  nutritive 
medium  was  administered  and  the  monolayers  incubated  at  37°C  for 
48  hours, 

Following  incubation  the  monolayers  were  removed  to  a 
-20°C  freezer  where  they  were  frozen.  They  were  then  removed, 
thawed,  and  returned  to  the  freezer.  This  was  done  three  times. 
The  cel  Is  and  the  nutritive  medium  contained  within  the  three- 
ounce  bottles  were  pipetted  vigorously  to  further  rupture  the 
cel  Is,  0.2  ml  .  of  each  virus  concentration  (mentioned  above) 
was  added  to  1.8  ml  .  al  iquots  of  Flanks^  balanced  salt  solution. 
Serial  ten-fold  dilutions  from  I  x  10”*  to  I  x  10  were  made. 
0.1  ml.  of  each  dilution  was  inoculated  into  tube  monolayer 
cultures  in  triplicate.  Observat ions^were  recorded  every  two 
days  for  a  total  of  18  days. 

A  similar  experiment  was  performed  using  PDK  cells 
with  the  following  v i rus-to-ce I  I  ratios: 

1 )  I  TCID50/cel I 

2)  10 

3)  25 


^Observat i ons  were  for  C.P.E. 
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4)  50  TCID^^/cel I 

5)  100 

6)  125 

7)  150 

The  results  from  these  studies  are  summarized  in 
Figures  #6  and  #7.  The  yields  of  virus  are  given  in  TOID^/ml. 

It  will  be  noticed  that  very  I ittle  difference  in  yield  is 
evident,  regardless  of  the  relative  concentrations  of  virus  in 
an  inoculum  in  either  DKL  or  PDK  cel  Is. 

CONCENTRATION  OF  TORONTO  A26/6I  VIRUS 

An  increase  in  total  infectivity,  an  increase  in  total 
hemagglutinin,  or  an  increase  in  optical  density  at  260  mu., 
were  the  criteria  used  as  an  indication  to  the  degree  of  concentra¬ 
tion  of  Toronto  A  2  6 / 6 1  virus  employing  the  following  five  methods: 
I.  Concent rat i on  by  Differential  Centrifugation 

Toronto  A  2  6 / 6  I  virus  was  propagated  on  monolayers  of 
DKL  cells  contained  within  Roux  culture  bottles.  After  complete 
monolayers  of  DKL  cel  Is  had  formed,  the  nutritive  medium  was  dis¬ 
carded  and  the  monolayers  were  inoculated  with  a  suspension  of 
Toronto  A  2  6 / 6 1  virus  so  that  the  virus  content  of  the  inoculum 
was  approximately  25  TC  I  D ^/ce  I  I  .  The  viral  suspension  was 
al  lowed  to  adsorb  to  DKL  cel  Is  for  two  hours  at  25°C  with  agi¬ 
tation  every  fifteen  minutes.  After  the  adsorption  period, 
fresh  nutritive  medium  was  added  pr i or  to  incubation  at  37°C 
for  48  hours.  The  infected  cultures  were  detached  by  freezing 
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and  thawing.  The  cell  debris  was  sedimented  at  2,000  rpm . 
using  the  #259  head  in  the  International  Model  SB  centrifuge 
for  fifteen  minutes  at  25  0  and  the  pel  let  was  frozen  and 
thawed  four  more  times  in  20  ml.  of  nutritive  medium  and 
recent r i f uged .  The  two  supernatants  containing  the  virus  were 
pooled  to  give  a  tot a  I  volume  of  1,750  ml.  of  virus  suspension. 
The  titre  of  this  virus  suspension  was  I  x  lO^'S  TCID  /ml. 

This  virus  suspension  was  centrifuged  at  10,000  rpm.  for  ten 
minutes  (to  further  remove  cell  debris)  using  the  SS34  rotor 
in  the  RC2  Sorvall  centrifuge.  The  titre  following  this 
centrifuging  was  identical  to  that  before  centrifugation. 

1,500  ml.  of  the  supernatant  from  the  above  centrifugation 
were  placed  in  six  250  ml .  polyethylene  centrifuge  bottles 
and  centrifuged  at  19,000  rpm.  for  two  hours  using  the  type 
19  rotor  in  the  Beckman  L-2  preparat i ve  u  1 1 racent r i f uge  (250 
ml.  were  retained  as  a  stock  supply  of  Toronto  A2  6 / 6 1  virus, 
titre  I  x  |07-5  TCID^^/ml  .  The  pel  let  contai  ning  the  virus 
was  resuspended  in  15  ml.  of  0.04  M.  phosphate  buffer  pH  7,0, 
The  titre  of  this  suspension  of  Toronto  A  2  6 / 6 1  virus  was 
determined,  A  comparison  of  virus  recovery  was  determined 
on  bas  i  s  of  i  nf  ect  i  v  i  ty  (  see  Tab  I  e  #7  pa  (\ «  ) 


f 

. 


61 


Table  jfy 


Cent r i f  „ 

Super nat ant 

Cent r i f . 
Velocity 

1 nf ect  i  v  i  t y 
in  TC!D,-Q/ml 

Total  1 nf ect .  of 
Supernatant 

1 

1750  m 

1  . 

2000  rpm/ 15  min 

1  x  I07’5 
=  3.2  x  I07 

5.6 

X 

1010 

2 

1750  m 

1  . 

1 0000  rpm / 10  min 

1  x  I07'5  7 
=  3.2  x  I07 

5 . 6 

X 

1010 

3 

1500  ml 

1  . 

1 9000  rpm/ 120  min 

1  1 n5 .25 

1  x  1 0 

=  1.8  x  10° 

2.7 

X 

108 

4 

15  ml. 

pel  let 

(3) 

v  i  ra 
from 

1 

1  x  I07’^ 

=  4  x  I07 

6 . 0 

X 

108 

The  %  recovery  of  infectivity  contained  in  pellet  from  centrifugation 
#(3)  when  it  was  resuspended  in  15  ml.  of  0.04  M.  phosphate  buffer 
pH  7.0  was  calculated  in  the  following  manner: 

-  original  total  infectivity  of  the  1500  ml.  was 

^*7 

3.2  x  I07  TCID50/ml.  x  1500  =  4.8  x  I010  TCID^ 

final  total  infectivity  of  the  15  ml  .  resuspended  pel  let  was 
4.0  x  I07  TCID50/ml.  x  15  =  6  x  I0‘8  TCID50 

Therefore,  %  recovery  was 

o 

6 . 0  x  10  6 . 0 

100  x  |  n  =  x  100  =  1,25^ 

4.8  x  10  u  480 

The  total  infectivity  of  the  I  500  ml  .  supernatant  after  centri¬ 
fugation  at  19000  rpm/120  min.  was  2.7  x  1 08  TCID^  as  compared 
with  the  infectivity  pr i or  to  centrifugation  of  4.8  x  I010  TCID^q. 
Therefore,  total  infectivity  was  reduced  by  almost  three  logs. 
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The  %  difference  between  total  infectivity  at  centrifugation 
$(3)  and  cent r i f ugat i on  #(4)  was 

100  x  4 °  8  x  I0IQ  -  2 -7  x  IQ8  -  477-3  x  100  =  99,4^ 

4-8  x  I010  480 

Most  of  the  infectivity  was  lost  during  centrifugation. 

2.  Concent rat i on  by  Column  Chromat ography  Using  D EA E-Ce II u I ose 

DEAE-ce I  I u I ose  was  mixed  with  0-04  M„  phosphate  buffer, 
pH  7-0,  to  give  approximately  a  20 %  suspension.  The  slurry  was 
added  to  a  column,  1-0  cm-  in  diameter,  to  a  height  of  10.0  cm. 
The  column  was  washed  with  10.0  ml .  volumes  of  0.04  M.  phosphate 
buffer  severa I  times. 

1.0  ml.  of  Toronto  A26/6I  virus  containing  I  x  lO'7'^ 
TCID  in  0.04  M.  phosphate  buffer  was  added  to  the  column.  The 
virus  suspension  was  fol lowed  with  three  successive  10  ml . 
aliquots  of  0.04  M.  phosphate  buffer.  The  virus  was  subsequently 
eluted  stepwise  from  the  column  with  5-0  ml.  aliquots  of  0.04  M. 
phosphate  buffered  (pH  7-0)  sodium  chloride  solutions  with  the 
following  concentrations:  0.05  M;  0.10  M;  0.15  M;  0-20  M;  0.25  M; 
0-30  M;  0.35  M;  0-40  M;  0.45  M;  0-50  M;  0 . 60  M;  0-70  M;  0  -  80  M; 
0.90  M;  | .0  M. 

The  fractions  eluted  from  the  column  were  col  I ected 
in  13  x  100  mm-  test  tubes  and  scanned  spect rophotometr i ca I ly 
(between  200  mu.  and  340  mu.)  using  the  Bauseh  and  Lomb  $505 
recording  spectrophotometer.  Fractions  exhibiting  absorbance  at 
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260  mu.  were  titrated  for  infect ivity  and  hemagglutinin.  The 
results  of  these  examinations  are  summarized  in  Figure  -ff 8. 

The  major  port i on  of  the  inFect ivity  resided  in 
fractions  with  sodium  chloride  concentrations  of  0.2  M.  to  0.4  M. 
as  determined  by  conductivity  measurements.  The  hemagglutinin 
was  in  a  range  varying  between  0.2  M.  to  0.6  M.  sodium  chloride 
concent rat i on .  The  peak  displayed  at  a  sodium  chloride  con¬ 
centration  of  0.7  M.  was  probably  nuc I eoprot e i n  from  host  cel  I 
sources.  Infectivity  and  hemagglutinin  were  not  found  in  this 
tract  ion. 

The  per  cent  recovery  of  infectivity  using  DEAE-cel I u I ose 
column  chromat ography  as  a  method  for  the  concent  rat i on  of 
Toronto  A 2 6 / 6  I  virus  was : 

-  total  infectivity  added  to  the  column  I  x  10^'^  =  4  x  lO^TCID^ 

-  total  infectivity  recovered  from  the  column  13-6  x  I0UTCID^ 

13.6  x  IQ6 

,  x  100  =  3 4% 

40.0  x  10° 

The  per  cent  recovery  of  hemagglutinin  was 

-  total  amount  of  hemagglutinin  added  to  the  column  16,384 
hemagglutination  units 

-  total  amount  of  hemagglutinin  recovered  from  the  column  2,720 

2720 


16384 


x  100 


16.7% 
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3°  Concentration  by  Fi Itration  on  Sephadex  G200  Gel 

4.0  grams  of  Sephadex  (G200)  were  added  to  200  ml.  of 
0.04  M.  phosphate  buffer  (pH  7.0)  and  the  suspension  was  allowed 
to  equ i I ibrate  for  three  hours.  The  Sephadex  slurry  was  then 
added  to  a  1.0  cm.  column  to  a  height  of  5.0  cm.  The  column  was 

washed  through  several  times  with  0.04  M.  phosphate  buffer. 

1  f\ 

1.0  ml.  of  Toronto  A  2  6  /  6  I  virus  (l  x  10  TCID^/ml.)  was  added 
to  the  column.  5.0  ml.  aliquots  of  0.04  M.  phosphate  buffer 
(pH  7-0)  were  added  to  the  column.  Eight  separate  fractions 
were  col  I ected  in  13  x  100  mm.  test  tubes.  Each  fraction  was 
subjected  to  a  spect rophot omet r i c  analysis  (between  200  mu.  and 
340  mu.)  and  titrated  for  infect ivity.  The  results  obtained 
from  Sephadex  G200  gel  f i  Itration  of  Toronto  A  2  6 / 6  I  virus  are 
summarized  in  Figure  #9-  Fraction  jj2 1  contained  69%  of  the 
original  infectivity;  fractions  #2,  #3,  #4- ,  and  #5  had 
essential ly  no  infectivity.  Fractions  $6,  #7,  and  #8  were 
col  I  ected  two,  four,  and  six  days  after  fractions  if2 1  to  $5. 
Titrations  of  these  samples  were  attempted,  but  due  to  bacterial 
contamination,  accurate  titres  could  not  be  determined.  Titres 
ranged  from  I  0^  to  10^  TOID^/ml. 

4.  Concentration  by  Tris  Genetron  Extraction 

Green  and  Pina  ( I  963a)  effect  i ve I y  used  genetron  (tri- 
f  I  uoro  trichloro  et  hane  )  (CC  |  ^  -CC  I  ^  )  in  conjunction  with  Tris- 
HC I  buffer,  pH  8.1,  to  extract  and  initially  purify  human  adeno¬ 
virus  types  2  and  4  from  KB  culture  cel  Is. 
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It  was  decided  to  try  this  procedure  for  the  initial 
concent rat i on  of  Toronto  A  2  6 / 6  I  virus  from  DKL  cel  Is.  Four 
Roux  bottles  were  inoculated  with  Toronto  A  2  6 / 6 1  virus  at  a  con¬ 
centration  of  approximately  20  TCID  /cell.  The  bottles  were 
incubated  for  48  hours  at  37°C.  Cel |  sheets  were  removed 
from  the  bottles  (with  a  rubber  po I  iceman)  and  centrifuged 
at  2,000  rpm,  in  the  International  Model  SB  centrifuge  (using 
#259  head)  at  25°C  for  fifteen  minutes.  The  pel  lets  were 
resuspended  in  10  ml.,  0.01  M.  Tris  HC I  buffer,  pH  8.1,  and 
stored  at  -20°C  unt i  I  required.  The  infected  cel  I  pel  let  was 
frozen  and  thawed  three  times.  An  additional  35  ml .  of  Tris- 
HC |  buffer  was  added  making  a  total  of  45  ml .  The  suspension 
was  pipetted  up  and  down  vigorously  ten  times  and  was 
centrifuged  in  the  International  Mocel  SB  centrifuge  in  the  #259 
head  at  25°C  at  2,000  rpm.  for  fifteen  minutes.  The  supernatant 
was  homogenized  with  45  ml .  of  genetron.  The  mixture  was  homo¬ 
genized  in  the  Waring  blender  at  10,000  rpm.  for  five  minutes. 

The  container  was  immersed  in  an  ice  bath  during  the  homogen i za- 
t i on .  The  aqueous  and  organic  layers  were  separated  by  centr i - 
f ugat I  on  at  2,000  rpm.  for  five  minutes  in  the  International 
centrifuge.  The  aqueous  upper  layer  was  removed  with  a  pipette, 
homogenized  again  with  30  ml.  of  fresh  genetron  and  the  layers 
were  again  separated  by  centrifugation.  The  genetron  layers  from 
the  two  extractions  were  combined,  homogenized  with  20  ml .  of 
Tris  buffer  (0.01  M „ ,  pH  8.l)  and  centrifuged  as  above.  The 
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aqueous  layer  was  added  to  the  combined  aqueous  layers  of  the 
first  two  centrifugations.  This  suspension  was  subjected  to 
absorbance  (on  the  Bausch  and  Lomb  #505  recording  spect rophoto- 
meter)  and  infectivity  studies. 

Figure  #10  shows  the  absorbance  studies  on  the  Tris- 
genetron  extract  of  Toronto  A  2  6 / 6  I  v i rus- i nfected  DKL  cells. 

The  original  titre  of  the  extract  pr i or  to  genetron  treatment 
was  I  x  107-75  tcID,_q/  ml  a  The  titre  after  extraction  was  zero. 
This  could  mean  that  the  absorbance  was  due  to  unorganized 
nucleoprotein  rather  than  virus  (see  Figure  #10,  I ine  #0. 

The  fraction  assayed  was  subsequently  subjected  to  deoxyribo¬ 
nuclease  and  r i bonuc I  ease,  centrifuged  and  resuspended  and  the 
optical  density  was  observed  to  be  almost  zero  (see  Figure  #10, 
line  #2).  These  results  would  tend  to  verify  the  fact  that 
the  isolate  was  a  nucleoprotein. 

5  .  Concentration  by  Buoy  ant -Dens i tv  Gradient  Centrifugation 

V i ru s- * nfected  cells  were  prepared  as  previously 
described  in  this  section  under  "Concentration  by  Differential 
Cent  r i f ugat ion." 

A  cesium  chloride  solution  =  U40Q)  was  prepared  in 
0.04  Mu  phosphate  buffer  (pH.  7-0).  5*0  ml.  of  this  solution 

were  placed  in  a  5*0  ml.  cellulose  nitrate  centrifuge  tube.  The 
partial  ly  concentrated  Toronto  A  2  6 / 6 1  virus  pel  let  was  added  to 
the  buffered  cesium  chloride  solution.  The  total  infectivity  of 

7 

the  virus  suspension  was  5x10  TCID^^.  The  tube  was  centri¬ 
fuged  in  the  type  39  rotor  of  the  Beckman  L-2  preparative  ultra¬ 
centrifuge  at  35 , 000  rpm.  for  24  hrs,  at  6°C .  A  well  defined  band 


, 
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was  observed  approximately  10  mm.  from  the  bottom  of  the 
tube.  A  hole  was  punched  in  the  bottom  of  the  tube  with 
a  20  gauge  hypodermic  needle  and  successive  five-drop 
f ract i ons  collected.  The  fractions  were  analyzed  for  infec¬ 
tivity,  hemagglutinin,  absorbance  (at  250  mu.)  and  buoyant- 
density.  The  results  of  the  above  studies  are  presented  in 
F i gu  r es  # 1  I  and  #  12.  The  infectivity  was  confined  to  a 

narrow,  defined  band  and  extended  over  four  fractions.  The 

n 

total  infectivity  in  these  four  fractions  was  2.6  x  10'  TCID^-q. 
Therefore,  the  per  cent  recovery  of  Toronto  A  2  6 / 6 1  virus 
infectivity  using  this  method  of  concentration  was: 

2.6  x  i<y 

7  X  100  =51% 

5  x  I0; 

The  absorbance  curve  displayed  by  a  Toronto  A  2  6 / 6 1  virus  sus¬ 
pension  after  concentration  by  the  above  method  and  subsequent 
treatment  with  DNase  to  remove  any  adsorbed  DNA  appears  in 
F i gu  r e  #14. 

A  further  description  of  results  on  buoy ant -dens i ty 
st ud i es  f o I  I ows . 

BUOYANT-DENSITY  STUDIES 

As  previously  mentioned,  viruses  centrifuged  to 
equilibrium  in  a  cesium  chloride  gradient  will  band  at  a  density 
identical  with  their  own  in  the  gradient.  It  was  decided  to 
compare  Toronto  A  2  6 / 6 1  virus  with  the  other  canine  adenovirus 
(infectious  canine  hepatitis,  I C H )  with  regard  to  buoyant- 
density.  Crawford's  (  I  9  60 )  procedures  were  followed  using 


68 


cesium  chloride  instead  of  rubidium  chloride* 

Buoy ant -Dens i ty  Comparison  Between  Toronto  A  2  6 / 6  I  and  ICH  Viruses 

Infectious  canine  hepatitis  and  Toronto  A  2  6 / 6  I  viruses 
were  propagated  in  DKL  cells  in  Roux  bottles.  The  viruses 
were  harvested  and  concentrated  as  previously  described  under 
"Concent rat i on  by  Differential  Centrifugation"  and  "Concentra- 
t i on  by  Buoyant -Dens i ty  Centrifugation." 

The  fractions  collected  after  concent rat i on  by  buoyant- 
density  centrifugation  were  weighed  in  a  100  lambda  pipette  on 
the  Mett I er  Type  H6T  balance.  An  equal  volume  of  de-ionized 
water  was  also  weighed  and  the  density  for  each  fraction  was 
computed.  These  densities  were  correlated  with  hemagglutinin 
and  infectivity  titrations. 

The  results  for  concent rat i on  of  Toronto  A  2  6 / 6  I  virus 
by  buoyant -dens i ty  centrifugation  were  combined  with  the  results 
of  the  study  of  the  buoyant -dens i t i es  of  Toronto  A 2 6 / 6  I  and 
ICH  viruses. 

Plate  7^6  shows  a  photograph  of  the  tubes  after 
centrifugation.  Because  of  the  presence  of  more  virus  in  the 
T oront o  A 2 6 / 6  I  virus  tube  a  more  defined  set  of  density  bands 
is  visible  as  compared  with  the  ICH  virus  tube.  The  dark  lower 
band  was  correlated  with  infectivity  and  was  therefore  be  I  i  eved 
to  be  the  viral  band.  The  upper  band  was  be  I  i eved  to  be  aberrant 
viral  particles  in  some  cases  lacking  nucleic  acid.  Hemagglutinin 
was  still  demon strable  in  this  band. 
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The  bands  in  the  ICH  virus  tube  closely  para  I  I e I ed 
the  bands  in  the  Toronto  A  2  6 / 6 1  virus  tube  and  cytopatho- 
genicity  correlated  with  a  buoy ant -dens i ty  of  1.333  (see 
Figure  #13).  Becau  se  of  the  relatively  sma I  I  amount  of 
virus  present  in  the  ICH  virus  tube,  low  optical  density 
readings  were  obtained. 

A  second  experiment  with  Toronto  A  2  6 / 6  I  virus 
showed  that  cyt opat hogen i c i ty  and  optical  density  both 
appeared  at  a  buoyant -dens i ty  of  I  .334. 

Peak  absorbance  at  260  mu.,  infectivity,  and 
hemagglutinin  appeared  between  Fraction  #3  to  #6.  Peak  absor 
bance  at  260  mu.  corresponded  with  a  buoyant -dens i ty  of 
1.330  in  Figure  #11  and  1.334  in  Figure  #12. 

Figure  #13  shows  the  results  of  assay  of  the  ICH 
virus  buoy ant -dens i ty  study. 

Cyt opat hogen i c i ty  corresponded  with  tube  #6 
which  exhibited  a  buoy ant -dens i ty  of  1.333. 

Toronto  A  2  6 / 6 1  and  ICH  viruses  have  similar  buoyant 
densities  varying  from  1.330  to  1.334#  which  is  within  exper i 
mental  error  for  equal  buoyant -dens i t i es . 

The  Relationship  Between  the  Buoy ant -Dens i ty  of  Deoxyribo¬ 

nucleic  Acid  and  the  Mole  Fraction  %  (G  +  C) 

The  results  of  the  density  studies  on  salmon  sperm 
DNA  when  subjected  to  dens i ty -grad i ent  centrifugation  to 
equilibrium  appear  in  Figure  #21.  The  calculation  of  buoyant 
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density  from  the  mole  fraction  %  (G  +  C)  (Schi  I dkraut  et_  a  I  , 
1962)  is  as  f o I  lows: 

buoyant -dens i ty  =  0=098  (G  +  C)  +  | O660  gm  =  /cu  .  cm . 

(G  +  C)  —  mole  fraction  %  (G  +  C) 

Salmon  sperm  DNA  exhibits  purine  and  pyrimidine 
base  rat i os  of  20=8;  20=4;  29=7;  29°l,  for  guanine,  cytosine, 

adenine,  and  thymine  respectively  (mole  fraction  %  (G  +  C) 

=  41 =2 %)  (Chargaff  and  Davidson,  1955).  The  buoyant -dens i ty 
can  be  calculated  with  this  information  as  follows: 
buoy ant - den s i ty  =  (0.0 98)  (41=2)  +  I . 660  gm./cu.  cm. 

=  1=701  gm./cu.  cm . 

The  experimental  value  for  the  buoyant -dens i ty  of 
salmon  sperm  DNA  was  I  . 704  (Figure  $ 21).  This  density  is 
that  of  fraction  $  I  8  which  was  the  first  fraction  where  DNA 
appeared . 

An  inspection  of  Figure  $16  reveals  a  buoyant- 
density  of  I =701  for  DKL-cel I  DNA.  The  DNA  was  concentrated 
in  fraction  $18  =  A  buoy ant -dens i ty  of  1=701  corresponds  to 
a  mole  fraction  %  (G  +  C)  content  of  42%.  The  %  (G  +  C)  for 
DKL-cel I  DNA,  as  determined  by  base  ratio  analysis,  was  also 
42%  (see  Table  #9) » 

Figure  $17  shows  the  buoyant -dens i t i es  of  DNA 
extracted  from  Toronto  A  2  6 / 6  I  v i ru s- i nf ect ed  DKL  cel  ls=  Two 
peaks  absorbing  at  260  mu.  were  obtained  --  one  peak  in 
fraction  $20  and  a  second  peak  in  fraction  $22. 
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These  fractions  had  buoyant -dens i t i es  of  1.718  for 
the  first  peak  and  I .701  for  the  second  peak  and  corresponded 
to  a  %  (G  t  C)  content  of  59%  and  42%  respect i  ve I y  ( see 
Figure  $16  and  Table  $9)-  The  first  peak  probably  exhibits 
the  buoyant -dens i ty  of  Toronto  A  2  6 / 6  I  virus  DNA.  Since  base 
analysis  of  the  Toronto  A  2  6 / 6 1  virus  DNA  would  confirm  or 
refute  this  value,  base  analysis  of  the  viral  DNA  was  under¬ 
taken  . 

CHEMICAL  STUDIES 

Bendich  (1957)  showed  that  the  I iberation  of  bases 
from  nucleic  acids  depends  on  the  cleavage  of  acid-labi le 
glycosidic  bonds.  Hydrolysis  by  means  of  formic  or  perchloric 
acid  is  usual  ly  the  method  of  choice  for  the  cleavage  of 
these  bonds . 

Hydrolysates  obtained  are  app I i ed  to  f i Iter  paper 
strips  and  the  bases  contained  therein  are  separated  by  an 
i sopropano I -HC I  solvent  system. 

The  concentrations  of  purines  and  pyrimidines  may 
be  determined  from  the  absorption  maxima  extinctions  (Bendich, 
1957).  The  relationship  between  molar  concentration  and 
molecular  extinction  coefficient  (€),  and  extinction  (E)  or 

optical  density  (0D)  is: 

E  0D 
Molarity  =  ^  ^ 

Hence,  the  ratios  of  guanine,  cytosine,  adenine,  thymine,  may 
be  determined  in  molar  percentages.  An  example  of  such  a 
calculation  appears  in  Table  $8. 
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CALCULATION  OF  MOLAR  RATIO  OF  BASES  IN  DKL-DNA 
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Absorbance  curves  of  guanine,  adenine,  cytosine, 
uracil,  and  thymine  are  presented  in  Figure  #22.  An 
absorbance  curve  of  salmon  sperm  DNA  (50  ug./ml.)  appears 
in  Figure  #23.  The  O.D.  230/0.D.  260  ratio  =  0.41  and 
the  O.D.  260/O.D.  280  ratio  =  1.75.  An  absorbance  curve 
of  hydrolysed  salmon  sperm  DNA  appears  in  Figure  #24. 

The  mole  fraction  ratios  of  bases  are  as  follows:  21,  22, 

29,  28,  for  guanine,  cytosine,  adenine,  thymine,  respectively 

Figure  #15  shows  the  absorbance  character i st ics 
of  DKL-DNA  after  extraction  and  purification  and  subsequent 
treatment  with  RNase.  The  O.D.  230/0.D.  260  ratio  —  0.47 
and  the  O.D.  260/0.D.  280  rat i o  -  I -79- 

The  absorbance  charact er i st i c s  of  hydrolysed  DKL- 
cell  DNA  appear  in  Figures  #|8  and  #19-  The  average  mole 
fraction  ratios  of  bases  are  20,  22,  29,  29  for  guanine, 

cytosine,  adenine,  thymine,  respectively. 

The  absorbance  character i st i c s  of  hydrolysed 
Toronto  A  2  6 / 6 1  virus  appear  in  Figure  #20.  The  mole  fraction 
ratios  of  bases  are:  27,  29,  22,  22,  for  guanine,  cytosine, 

adenine,  thymine,  respectively. 

The  results  of  a  comparison  of  the  chromat ograms 
of  standard  bases,  hydrolysed  and  chromatographed  salmon 
sperm  DNA,  Toronto  A  2  6 / 6  I  virus  DNA  and  DKL-cel I  DNA  are 
presented  on  Plate  #7- 

A  summary  of  the  preceeding  results  appears  in 
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Table  $9  together  with  base  ratios  taken  from  other  sources 


as  a  basis  for  comparison. 


Table  jj2 9 


Mole 

Spec i es  G 

F  ract  . 

+  C 

Mole  F ract i on 
Bases 

Pur i ne  &  Py 
in  DNA 

r i m i d i ne 

Buoy ant  - 
Dens i ty 

/Chem 

i *  *BDG 

Guan i ne 

Cyt os i 

ne  Aden i ne 

Thym i ne 

A  2  6  /  6  1 
+ 

56 

59 

27 

29 

22 

22 

1.718 

A2 

++ 

56 

+++ 

27 

29 

22 

21 

1.716 

4-  4 — b 

A4 

++ 

57 

59 

+++ 

27 

30 

22 

20 

i  .718 

+++ 

A  1  2 
+++ 

- 

"4S- 

— 

— 

— 

* 

1  .708 

ATS- 

+++ 

- 

49 

— 

— 

— 

— 

1  .709 

Po 1 y oma 
+++ 

- 

"TS 

— 

— 

— 

1 .709 

Pap i 1 1 oma 
+++ 

- 

49 

- 

— 

— 

1  .71  1 

D  K  L  cells 
+ 

42 

42 

20 

22 

29 

29 

1  .701 

Beef  Kid. 
++++ 

44 

- 

23 

21 

28 

28 

* 

KB  Cells 

4“  4" 

42 

- 

21 

21 

28 

30 

Sa 1 . sperm 
+ 

41 

44 

21 

20 

30 

29 

1 .703 

Sa 1  .  sperm 
+++++ 

41 

- 

21 

20 

30 

29 

~~ 

/  Chem i ca I  Analysis 

*  BDG  -  buoyant -dens i ty  gradient 
+  Thes i s  data 

++  Green  M.,  Pina  M.,  (1963a)  Virol.  20_ :  199 
+++  Green  M.,  Pina  M.,  (1963b)  Proc  .  Nat.  Acad.  Sc  i  .  5j0:  44 
++++  Daly  M.M.,  Allfrey  U.G.,  Mirsky  A.E.  ( 1 950) 

J.  Gen.  Physiol  3_3:  497 

+++++  Chargaff  E.,  Lipshitz  R.,  Green  C.,  Hodes  M.E.  ( I  95  I ) 

J.  Biol.  Chem.  I  92 :  223 


ratios  shown  are  to  the  nearest  whole  number 
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FIGURE  #1 

TH E  EFFECT  OF  VARYING  VITAMINS,  GLUT  AMINE,  & 

AMINO  ACID  CONTENT  ON  PLAQUE  SIZE  AND  NUMBER 
USING  TORONTO  A26/6 I  V  I  RUS- I NF ECTED  DKL  CELLS 


V  =  vitamins 
G  =  glutamine 
Aa  =  amino  acids 


o — o 


p  |  aque  d i ameter 

PFU/0.3  ml . 


PFU  x  105/o.3  ml. 
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FIGURE  #2 
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The  Effect  of  D EAE-dext ran  Content  On 
Plaque  Size  and  Number  Using  Toronto  A  2  6 / 6  I 
V i rus- I nf ected  DKL  Cel  Is 


□  „ 


PFU/0.3  ml . 
p I  ague  d i ameter 


PFU 


- 


-  77  - 


FIGURE  #3 

The  Effect  of  Protamine  Sulfate  Content  On 
Plaque  Size  and  Number  Using  Toronto  A  2  6 / 6  I 
V i rus- I nf ected  DKL  Cel  Is 


Protamine  Sulfate  ug./ml. 


_ =  PFU/0.3  ml . 

° — °  =  plaque  diameter 


PFU  x  T05/0.3  ml. 


FIGURE  #4 
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TITRATIONS 


Virus  Yield  In  PFU  x  ICP/O.3  ml. 


FIGURE  #5 


The  Effect  of  CeM  Concentration  on  Toronto  A  2  6  /  6  I 
Virus  Production  in  Suspension  Cultures  of  DKL  Cel  I 


x  109  cells/ml. 


The  concent rat i on  of  virus  in  the  inoculum  was 

1  x  lO^'^  TCID/ml.,  or,  I  TCID/cell. 

oO'  yO 

The  best  yield  was  obtained  from  a  cel  I  concent r at i on 
of  750,000  cel  Is/ml  .  which  was  I  .6  x  I  O'5  PFU/ml  .,  or 

2  PFU  for  every  10  cel  Is. 
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Virus  Yield  in  Login  TCIDRn/ml. 
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FIGURE  #6 

Effect  of  Concentration  of  Inoculum  on  Production 
of  Toronto  A  2  6 / 6  I  Virus  on  Monolayers  of  DKL  Cells 


Concent r at i on  of  Inoculum 


TCID50/cel I 
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Virus  Yield  in  Log-, n  TCID  /ml. 


FIGURE  #7 


Effect  of  Concentrat i on  of  I nocu I um 
on  Production  of  Toronto  A26/6I  Virus 
on  Monolayers  of  PDK  Cel  Is 


Concentration  of  Inoculum 
TC  I  D^/ce  I  I 
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FIGURE  #8 

Column  Chromatography  of  a  Suspension  of 
Toronto  A  2  6 / 6  I  Virus  Using 
DEAE-Ce I  I u I ose 


Molarity  of  NaCl 


260 


Infectivity 
Optical  Density 
Hemagglutin i n 
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mu  . 


Reciprocal  Hemagglutination  Titre 
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FIGURE  #9 
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Sephadex  G-200  Gel 
Filtration  of  Toronto  A26/61 

Virus  Suspension 


Fraction  I  contained  69%  of  infectivity 

Fractions  2 ,  3,  4 ,  5 ,  contained  essentially  no  i  nf ect i v i ty 

Fractions  6,  7,  8,  col  I ected  2,  4,  6,  days  after  I  to  5 

4  S 

and  exhibited  titres  of  I  CU  to  I 0J 


TCID5()/m,. 


. 
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Optical  Density 
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FIGURE  #10 


Tris  Genetron  Extraction  Of 
DKL  Cells  Containing  Toronto  A26/61 

Virus 


Absorbance  Curve 


Prior  to  treatment  with  5.0  ug./ml .  DNase  &  RNase 
After  treatment  with  5.0  ug./ml .  DNase  &  RNase 
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FIGURE  #11 


Buoyant -Density-Gradient  Centrifugat ion 


of  a  Suspension  of  Toronto  A  2  6 / 6  I  Virus 
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FIGURE  #12 

Buoyant -Density-Gradient  Centrifugat ion 
of  a  Suspension  of  Toronto  A  2  6 / 6  I  Virus 


density  gradient 
opt i ca I  dens i ty 

maximum  cytopathic  effect  in  DKL  cel  Is 


Optical  Density  at  260  mu. 
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Buoyant  Density  gms./cc. 


FIGURE  #13 
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Buoy ant -Density-Gradient  Centrifugat ion 
of  a  Suspension  of  I C H  Virus 


-* =  density  gradient 

0 - 0  =  optical  density 

t  =  maximum  cytopathic  effect  in  DKL  cells 


Optical  Density  at  260  mu. 
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FIGURE  #14 


Absorbance  Curve  of  a  Toronto  A26/6I  Virus 
Suspension  After  Treatment  of  the  Suspension 
with  DNase  (  5.0  ug  .  /  m  I  .  ) 
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Absorbance  Curve  of  DKL  Cell  DNA 

Solution  After  Treatment  with  RNase 


Wave  Length  In  mu. 
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FIGURE  #16 

Buoy ant -Dens i ty -Grad i ent  Centrifugation  of  a  Solution  of  DKL  DNA 
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FIGURE  #18 


Absorbance  Curve  of  Bases 
From  Hydrolysed  DKL  Cell  DNA 
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FIGURE  #19 

Summary  of  Mole  Fraction  %  s 
of  Bases  from  Hydrolyzed  DKL  Cel  I  DNA 


Note:  Mole  fraction  %'s  derived  from  five 

separate  experiments  on  five  different 
samples  of  DKL  cel  I  DNA 
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Optical  Density 


FIGURE  #20 


Absorbance  Curve  of  Bases  From 
Hydrolyzed  Toronto  A26/61  Virus 
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FIGURE  if 21 


Buoyant -Density-Grad ient  Cent r  i fug at  ion 
of  a  Solution  of  Grade  A,  Salmon  Sperm  DNA 
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FIGURE  #22 


Absorbance  Curve  of 

G  =  Guanine 
A  =  Adenine 
C  =  Cytosine 
U  =  Uracil 
T  =  Thymine 
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FIGURE  #23 

Absorbance  Curve  of 

Salmon  Sperm  DNA 
(50  ug. /ml. ) 
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Optical  Density 


FIGURE  #24 


Absorbance  Curve  of  Bases  from 
Hydrolyzed  Salmon  Sperm  DNA 


Wave  Length  in  mu. 
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PLATES 


PLATE  #1 


ELECTRONMICROGRAPH  OF  TORONTO  A26/61 
AFTER  NEGATIVE  STAINING  WITH  PHOSPHOTUNGSTIC  ACID 

MAGNIFICATION  (400,000  x) 


NOTE:  TORONTO  A26/6 I  REFERS  TO  TORONTO  A26/6 I  VIRUS 


,  v  v  VL  :  Q 

V  ) 


PLATE  #2 


PHOTOMICROGRAPH  OF  UNINFECTED  PDK  CELLS 
STAINED  WITH  HEMATOXYLIN -EOS IN 
MAGNIFICATION  (800  x) 


PLATE  #3 


PHOTOMICROGRAPH  OF  PDK  CELLS 
INFECTED  WITH  TORONTO  A26/61 
STAINED  WITH  HEMATOXYLIN-EOS IN 
MAGNIFICATION  (500  x) 


NOTE:  TORONTO  A26/6I  REFERS  TO  TORONTO  A26/6I  V I RUS 


(  ) 


PLATE  #4 


PHOTOMICROGRAPH  OF  PDK  CELLS 
SHOWING  CYTOPATHIC  CHANGES  IN  NUCLEUS 
DUE  TO  INFECTION  WITH  TORONTO  A26/61 
STAINED  WITH  HEM ATOXYL I N - E 0 S IN 
MAGNIFICATION  (500  x) 


A  nucleus  in  early  stages  of  inclusion  formation 
B  basophilic  borders  becoming  evident 
C  )  larger  basophilic  border 
D  )  faint  eosinophilic  center 
E  )  vacuolation  around  nucleus 
F  complete  basophilia  of  nucleus 


. 

(  )  . 
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PLATE  #3 


NOTE: 


PHOTOMICROGRAPH  OP  NUCLEUS  OF 
TORONTO  A26/61  INFECTED  PDK  CELLS 
SHOWING  SEVERAL  INCLUSIONS 
STAINED  WITH  HEMATOXYLIN - E 0 S IN 
MAGNIFICATION  ( 1,000  x) 


TORONTO  A  2  6 / 6  I  REFERS  TO  TORONTO  A26/6I  VIRUS 


A  nucleolus 

B  eosinophilic  inclusion  with  basophilic  border 
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PLATE  #6 


PHOTOGRAPH  (actual  size)  OP  ICH  AND  TORONTO  A26/61 
VIRUSES  AFTER  BUOYANT  DENSITY  CENTRIFUGATION 
TO  EQUILIBRIUM  IN  CsCl 


Upper  Band  -  incomplete  virus 


Lower  Band 


viruses 
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Ditchfield  et_  a_|_  (1962)  d  i  sc  I osed  that  Toronto 

A  2  6  /  6 1  virus  would  not  agglutinate  guinea  pig  or  fowl 
erythrocytes,  but  that  agglutinins  were  produced  against 
human  type  "0"  eryt hrocytes .  During  the  course  of  this 
investigation  this  same  virus,  as  we  I  I  as  two  strains  of 
infectious  canine  hepatitis  (ICH  and  HCC)  would  agglutinate 
al I  human  erythrocytes  of  the  four  main  serotypes.  A,  B, 

AB ,  and  0.  furthermore,  the  erythrocytes  were  agglutinated 
by  the  same  virus  di I ut i on  end  point  irrespective  of  the 
serotype.  It  was  also  revealed  that  Toronto  A  2  6 / 6  I 
virus  specific  antiserum  produced  in  rabbits  would  inhibit 
the  hemagglutination  phenomenon.  Whether  the  hemagglutinin 
of  Toronto  A  2  6 / 6 1  virus  is  part  of  the  elementary  body  or 
a  distinct  entity  is  not  known. 

The  cytopathic  changes  that  take  place  after 
the  infection  of  PDK  cells  with  Toronto  A  2  6  /  6 1  virus  seem 
to  be  different  in  sequence  than  those  changes  described 
by  Dingle  and  Ginsberg  ( I  959)  in  that  basophilia  first 
appears  on  the  per i phery  of  the  eosinophilic  inclusion 
and  subsequently  increases  toward  the  centre  of  the  inclusion, 
gradually  reducing  the  area  of  eosinophilia  until  only  a 
very  sma I  I  and  faint  spot  is  present.  This  spot  may 
represent  the  crystal  shown  in  electron  micrographs  of 
thin,  sectioned,  tissue  culture  as  described  by  Ditchfield 
et  a  I  ( I  962 )  . 
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Inclusion-formation  in  DKL  cells  after  inocula¬ 
tion  with  Toronto  A  2  6 / 6 1  virus  was  very  limited  and  the 
limitation  was  ascribed  to  the  low  concentration  of  infec- 
tivity  in  the  inoculum  approximately  one  PFU  per  two  DKL 
cells.  The  infectivity  was  increased  to  approximately  five 
PFU  per  cel  I  when  PDK  cel  Is  were  used  to  f o I  low  the  course 
of  inclusion  formation.  Inclusions  in  the  PDK  cells  were 
much  more  numerous  with  approximately  90%  of  the  cel  I 
nuclei  being  affected,, 

PDK  cel  Is  were  the  first  cel  Is  examined  for  their 
ab i I ity  to  produce  plaques  under  the  influence  of  Toronto 
A  2  6 / 6 1  virus.  The  PDK  cells  proved  to  be  unsatisfactory 
for  the  purpose  of  assaying  the  infectivity  of  Toronto  A  2  6 / 6 1 
virus.  Difficulty  was  experienced  in  maintaining  the 
viability  of  PDK  cells  for  ten  days  --  the  minimum  time 
requ i red  for  plaques  induced  by  Toronto  A  2  6 / 6  I  virus  to  be 
large  enough  to  be  observed. 

As  a  result  of  adenovirus  infection,  there  is 
an  increased  synthesis  of  DNA  (Boyer  et  al_,  1957),  increased 
utilization  of  glucose,  and  an  increased  accumulation  of 
certain  organic  acids  which  commonly  arise  from  carbohydrate 
metabolism  (Fischer  and  Ginsberg,  1957).  The  increased 
glycolysis  and  accumulation  of  organic  acids  by  infected 
cells  cause  the  fluids  of  infected  cultures  to  become  con¬ 
siderably  more  acidic  than  those  of  uninfected  cultures. 
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These  acid  conditions  were  be  I  i eved  responsible  for  the 
death  of  PDK  cel  Is.  However,  plaques  were  observed  (in 
appr ox i mat e I y  nine  to  ten  days)  when  DKL  cel  Is  were  used 
for  the  assay  of  Toronto  A  2  6 / 6 1  virus.  The  fact  that  the 
DKL  cel  Is  remained  viable  for  a  longer  period  of  time 
under  Toronto  A  2  6 / 6  I  virus  infection  might  indicate  this 
cel  I  I  i ne  is  not  as  active  metabol  ical  ly  as  freshly  dis¬ 
persed  primary  cel  I  cultures,  or,  that  the  buffer  systems 
used  in  primary  cell  culture  media  are  not  as  efficient  as 
the  ones  used  for  DKL  cel  I  nutritive  medium.  When  different 
concentrations  of  nutrient  supplements  were  varied  in  the 
nutritive  overlay  media,  little  effect  was  noticed  until 
double  the  normal  concentration  of  Eaglets  essential  amino 
acids  was  added  to  the  overlay  medium.  It  was  mentioned 
that  Bonifas  and  Schlesinger  (1959)  found  a  requ i rement 
for  arginine  which,  when  added  to  media  caused  increased 
destruction  of  KB  tissue  culture  cells  by  adenovirus  type 
2.  This  requirement  was  subsequently  proved  to  be  due  to 
PP L0*cont am i nat i on  of  the  tissue  cultures.  Cultures  of 
DKL  cel  Is  used  for  the  assay  of  Toronto  A  2  6 / 6 1  virus  were 
examined  for  PPLO  contamination  as  a  possible  explanation 
for  the  plaque  enhancement  produced  by  the  double  normal 
concentrat i on  of  Eaglets  amino  acids.  No  contamination 
of  DKL  cell  cultures  by  PPLO  was  discovered. 

Green  and  Pina  (1963a)  discovered  that  increasing 
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the  amino  acid  concentration  of  adenovirus  type  2  infected 
KB  cells,  when  the  cells  were  present  in  a  large  concentra- 
tion,  (10°  cells/ml.)/  resulted  in  increased  virus  yields, 
but  that  increasing  the  concentrations  of  glucose,  deoxyri- 
bosides,  arginine,  and  calf  serum  had  I ittle  effect.  They 
suggest  that  cultures  containing  large  concentrations  of 
cel  Is  may  become  nutritional  ly  I  imited.  In  the  case  of 
Toronto  A  2  6 / 6  I  v i r u s - i nf ect ed  DKL  cells,  when  the  concentra¬ 
tion  of  Eaglets  amino  acids  was  doubled,  the  plaque  size 
increased  from  I .5  mm.  to  3.0  mm.  During  the  course  of 
the  plaque  assay  study,  this  diameter  was  only  surpassed 
when  protamine  sulfate  at  75  ug./ml „  was  i ncorporated 
into  the  overlay  medium.  Neutral  red  had  a  detrimental 
effect  on  cells  when  i ncorporated  in  the  nutrient  agar 
over  I  ay ,( i mmed i at e I y  after  adsorption  of  the  virus)  because 
the  cells  were  not  viable  up  to  ten  days.  However,  when 
neutral  red  was  added  at  the  end  of  the  incubation  period 
(after  ten  days)  the  cells  remained  viable  as  evidenced 
by  the  uptake  of  neutral  red  and  plaques  produced  by  the 
virus  were  visible  for  counting. 

Kjellen  ( I  96  I )  described  the  lethal  effects 
produced  by  neutral  red  when  adenov  i  rus~(t.ype  4  and  5) 
infected  bone  marrow  (MAS)  cel  Is  were  used. 

DEAE-dextran,  in  a  concent  rat i oh  of  100  to  150 
ug./ml . ,  had  an  enhancing  effect  on  plaque  formation.  When 
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DEAE-dextran  was  omitted  from  the  overlay  material,  plaques 
were  seldom  larger  than  I  to  I ■ 5  mm.  in  diameter.  When 
DEAE-dextran  was  added  to  the  overlay,  plaque  sizes  varied 
from  1.5  to  2.5  mm.  in  diameter  at  optimum  concentration 
(i.e.  100  to  150  ug./ml.).  Protamine  sulfate  had  a  slightly 

greater  enhancing  effect  on  plaque  size  than  did  the  DEAE- 
dextran.  When  75  ug./ml.  of  protamine  sulfate  was  added 
to  overlay  material  a  plaque  size  of  4  mm.  in  diameter  was 
observed.  If  the  assumptions  on  the  part  of  Liebhaber  and 
Takemoto  ( I  96  I ) ,  Liebhaber  and  Takemoto  ( I  963 ) ,  Colter  et 
a |  (1964),  Campbell  and  Colter  (1965)  are  correct  (that 

su I  fated  polysaccharide  inhibitors,  released  from  agar 
upon  autoclaving,  are  responsible  for  dimunition  of  plaque 
size  and  that  DEAE-dextran  and  protamine  sulfate  counteract 
the  effects  of  these  inhibitors  in  various  ways)  then  it 
would  appear  that  agar  inhibitors  are  present  in  the  Toronto 
A  2  6 / 6 1  virus-DKL  cell  assay  system  and  that  various  con¬ 
centrations  of  DEAE-dextran  or  protamine  sulfate  are  indeed 

counteracting  this  inhibition. 

Plaque  development  in  tissue  culture  dishes  in 
the  CO  incubator  gave  reproducibly  better  results.  The 
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pH  of  the  tissue-virus  system  can  be  maintained  near 
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neutral  for  a  much  I onger  period  of  time  than  is  possible 
in  stoppered  three-ounce  b  ot t I es  f  which  tended  to  show 
acid  conditions  in  about  three  to  five  days  after  applica- 
t i on  of  the  over  I  ay . 

While  the  different  additives  used  appear  to 
enhance  the  formation  of  plaques,  pH  is  a  very  important 
factor.  If  the  pH  can  be  maintained  near  neutral  for  ten 
days  with  the  overlay,  plaques  appear  before  the  death  of 
the  cells, 

Vogt  et  aj_,  (.1957)  state  that  the  cytopathic 
effect  of  variants  of  poliovirus  character i zed  by  low 
pathogenicity  for  monkeys  is  delayed  in  slightly  acid 
media  as  indicated  by  the  slower  formation  of  plaques  in 
agar  overlay  cultures  of  monkey  renal  cells, 

Barron  and  Karzon  (1957)  state  that  the  cytopathic 
changes  induced  by  certain  strains  of  Echo  and  Coxsackie 
viruses  are  also  depressed  or  delayed  when  the  pH  of  the 
medium  is  a  I  lowed  to  become  acid. 

The  omission  of  glucose  from  the  growth  media 
should  be  examined  to  see  if  it  would  control  these  acid 
conditions  to  a  more  significant  degree. 

Kjellen  ( I  96 1 )  in  his  studies  with  adenovirus 
type  4  and  5  stated  that  a  continued  increase  in  plaque 
titre  was  observed  even  up  to  28  days  on  very  good  mono- 
layers.  Virus  infected  DKL  cell  monolayers  in  a  few 
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instanced  showea  approx i mat e I y  a  10%  increase  in  visible 
plaques  after  being  kept  to  the  limit  of  their  viability 
(  I  5  days)  . 

Reproducibility  of  results  with  regard  to  the 
plaque  assay  method  depended  to  a  large  degree  on  maintaining 
pH  near  neutral  during  the  period  of  assay,  using  monolayers 
of  the  same  age  and  phase  of  growth  during  the  titration. 

A  series  of  experiments  should  be  conducted  where  cell 
sheets  of  different  ages  are  assayed  in  an  endeavor  to  obtain 
the  best  growth  phase  for  the  plaque  assay  of  Toronto  A  2  6 / 6 1 
virus. 

Suspension  cultures  of  DKL  cells  for  the  propagation 
of  Toronto  A  2  6 / 6  I  virus  were  unsatisfactory.  The  highest 
yield  of  virus  was  observed  at  a  cell  concentration  of  750,000 
cells/ml.,  but  this  yield  was  still  very  low  as  compared  with 
yields  obtained  from  monolayer  cultures  infected  with  Toronto 
A  2  6 / 6  I  virus.  The  yield  obtained  from  the  preparat i on  containing 
750,000  cells/ml.  was  1.6  x  10^  PFU/ml.  or  a  yield  of  approxi¬ 
mately  2  PFU  for  every  10  cells  as  compared  with  an  inoculum 
concentration  of  I  TCID  5  0  / c  e  1  1  * 

7 

Yields  for  monolayer  cultures  varied  from  I  x  I0/ 
to  I  x  10^  TC  I  /  m  I  .  ,  or  approximately  4  to  8  TCID^/cell 
using  a  similar  inoculum  concent r at i on  of  I  TCID  /cell. 

Green  and  Pina  (1963a)  obtained  yields  of  human 
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adenovirus  type  2  from  suspension  cultures  of  KB  cells  in 
titres  of  I  x  10^  PFU/ml.  They  achieved  highest  titres 
when  cell  densities  were  in  the  range  of  100,000  -  200,000 
cells/ml  a  Their  multiplicities  of  infection,  however,  were 
of  the  order  of  100  PFU/  cell  which  is  in  contrast  to  the 
Toronto  A26/6I-DKL  cell  system  where  concentration  of 
infect ivity  was  approximately  I  TOID^/cel  I  . 

Because  of  the  poor  yield  obtained  using  sus¬ 
pension  cultures,  Toronto  A2  6 / 6 1  virus  was  propagated  in 
monolayer  cultures  of  DKL  cells  in  Roux  bottles. 

Variation  in  the  concentration  of  infect ivity  of 
the  inoculum  (between  I  TClD^/cell  to  150  TCID^/cell) 
had  little  effect  on  the  final  yield  of  Toronto  A  2  6 / 6 1 
virus.  DKL  cells  proved  to  be  as  efficient  as  PDK  cells 
for  the  propagation  of  Toronto  A26 / 6 1  virus.  Because 
DKL  cell  cultures  are  much  more  easily  prepared  than  primary 
cultures,  DKL  cells  were  utilized  for  the  subsequent 
propagation  of  Toronto  A 2 6 / 6  I  v i rus ■ 

Differential  cent r i f ugat i on  combined  with  buoyant- 
density-gradient  centrifugation  was  the  method  of  choice  for 
the  concentration  of  Toronto  A  26 / 6 1  virus.  The  inactivation 
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Q-p  the  virus  evidenced  by  loss  of  infectivity  during  centri 
fugation  was  probably  due  to  clumping  of  the  virus.  Infec¬ 
tivity  was,  therefore,  nof  used  as  a  criterion  in  assessing 
the  quantify  of  virus  obtained,  but  rather  the  optical 
density  at  260  mu.  displayed  by  the  virus  suspension.  The 
pr i mary  concern  was  to  obta i n  opt i mum  amounts  of  v i ra I 
nucleic  acid  for  subsequent  chemical  studies.  Attempts  to 
concentrate  Toronto  A  2  6 / 6  I  virus  using  a  chromatograph i c 
column  containing  DEAE-ce I  I u I ose  did  not  yield  satisfactory 
results.  Optical  density  readings  at  260  mu.  on  the 
collected  fractions  were  very  low  (less  than  O.l).  Only 
34%  of  the  original  infectivity  was  recovered  and  only 

1  6 . 7%  of  the  hemagglutinin  was  recovered.  Toronto  A  2  6 / 6  I 
virus  either  adheres  too  tenaciously  to  the  DEAE-ce I  I u I ose 
column,  or  the  virus  particles  are  sufficiently  altered  to 
lose  i nf ect i v i ty . 

The  infectivity  and  hemagglutinin  were  eluted 
from  the  column  in  a  range  between  0.2  M.  to  0.5  M-  sodium 
chloride.  This  elution  pattern  agrees  with  work  completed 
by  Yamamoto  (in  press)  and  is  in  contrast  to  studies  con¬ 
ducted  by  Green  and  Pina  (1963a)  on  human  adenovirus  types 

2  and  4  where  the  majority  of  the  infectivity  was  eluted 
between  0.5  M.  to  1.0  M.  sodium  chloride.  They  recovered 
approximately  20%  of  the  original  infectivity.  In  other 
studies  on  human  adenovirus  type  2,  Philipson  (i960),  using 
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DEAE-cel I  u I ose ,  eluted  15%  of  the  virus  at  0.5  M.  sodium 
chloride  and  20%  at  0.75  M.  sodium  chloride,  thus  recover i ng 
only  35%  of  the  original  i nf ect i v i ty . 

It  will  be  noticed  in  Figure  #8  that  another  peak 
was  eluted  at  approximately  0.7  M.  NaC I  but  no  infectivity 
was  corre I ated  with  this  peak. 

Studies  by  Commoner  et  a_[  (1956)  concerning  correla¬ 
tions  between  biological  activities  and  specified  chemical 
attributes  of  the  tobacco  mosaic  virus  agent  when  chromato¬ 
graphed  on  Ect eo I  a -SF  cel  I u I ose  showed  that  the  intact  agent 
was  eluted  with  0.04  M.  -  0.10  M.  NaC I  and  nucleoprotein  was 
eluted  with  0.06  M.  -  0.08  M.  NaCI. 

Tausser  and  Creaser  (1957)  showed  the  elution 
pattern  of  infectious  bacteriophage  particles  was  0.1  M.  - 

0 .  I  6  M.  NaCI  on  Ecteola-SF  resin  and  that  the  nucleic  acid 
of  osmotical ly  shocked  T0  particles  was  eluted  at  the  higher 
concentrat  i  on  of  0.3  M.  -  0.5  M.  NaCI.  Bendich  et  a_[_  (1955) 
showed  that  calf  thymus  DNA  in  highly  polymerized  form, 
behaved  similarly  to  RNA  with  respect  to  elution  and  could 
be  eluted  from  Ecteola-SF  cellulose  in  the  range  from  0.5  M.  - 
1.0  M.  sodium  chloride.  So  the  peak  evidenced  at  a  molarity 
of  0.7  M.  sodium  chloride  on  Figure  $8  was  either  cel lular 
DNA,  RNA,  or  DNA  from  disrupted  virus  particles  (which  in 
part  could  be  responsible  for  reduced  titres  on  the  recovered 
tract  ions)  . 
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Fi Itration  on  Sephadex  G200  gel  may  be  a  useful 
method  for  the  initial  concent r at i on  of  Toronto  A  2  6 / 6  I 
virus.  As  seen  in  Figure  #9,  69%  of  the  original  viral 

infectivity  was  washed  through  with  the  first  f ract i on  with 
subsequent  fractions  also  containing  infectivity.  Further 
experiments  using  this  method  should  be  examined,  possibly 
taking  electron  micrographs  of  samples  of  differentially 
centrifuged  preparations  before  and  after  the  use  of  the 
column.  Fractions  col  I ected  from  the  column  would  have  to 
be  d i a  I  i zed  to  reduce  their  volume  before  examination  under 
the  electron  microscope. 

The  Tr i s-genetron  extraction  procedure,  using  the 
method  of  Green  and  Pina  (1963a),  did  not  result  in  the 
concentration  of  the  virus.  Absorbance  curves  of  the 
treated  virus  were  more  charact er i st i c  of  nucleic  acid  and 
probably  was  the  nucleic  acid  released  from  the  cells  and 
from  the  virus. 

The  absorbance  curve  displayed  by  concentrated 
Toronto  A  2  6 / 6 1  virus  and  shown  in  Figure  #14  could  be 
consistently  obtained  and  was  character i zed  by  the  lack  of 
a  significant  increase  in  absorption  at  260  mu.  in  the 

cases  with  purified  preparat i ons  of  other  animal  viruses 
(Hoyer  et  a±,  1958),  a  peak  at  260  mu.  was  observed. 

Green  and  Pina  (1963a)  state  that  the  DNA  content 
of  adenovirus  types  2  and  4  represents  only  13%  of  the  total 
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weight  of  the  virus,  which  could  be  a  factor  in  the 
peculiar  absorbance  curve  displayed  by  the  virus  of  canine 
I aryngotracheit i s . 

Gessler  et  a_j_  (1956),  in  their  procedure,  used 
a  V  i  rt is  homogen i zer  utilizing  a  speed  of  23,000  rpm.  for 
ten  minutes  to  separate  virus  and  cellular  material.  Green 
and  Pina  (1963a)  used  a  Lourdes  multimixer.  They  homogenized 
their  preparations  for  one  minute  at  12,000  rpm.  The 
Toronto  A  2  6 / 6  I  virus  preparation  was  homogenized  for  five 
minutes  in  a  Waring  blender  at  10,000  rpm.  It  may  be  that 
the  virus  was  incompletely  separated  from  the  host  cell 
and  the  virus  that  was  separated  may  have  been  in  large 
clumps.  The  efficiency  of  the  procedure  depends  on  a  fine 
dispersion  of  mater ial  (Gessler  et  a  I  1949)*  Possibly, 
therefore,  the  Toronto  A  2  6  /  6  I  virus  was  el  iminated  with 
extraneous  protein  and  the  nucleic  acid  from  ruptured  and 
dispersed  cells  was  present  in  the  extract  --  producing  the 
char act er i st i c  absorbance  curve  when  the  extract  was  examined 
spectrophotometr i ca I  I y .  The  procedure  should  be  attempted 
again  with  closer  adherence  to  the  method  as  described  in 
the  original  paper. 

The  buoyant  densities  of  Toronto  A26/6I  virus  and 
ICH  virus  are  very  similar  (1.334,  I  >330,  and  1.333)  lending 
further  support  to  the  existance  of  a  close  relationship 
between  the  two  viruses.  The  low  absorbance  peaks  displayed 
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by  the  suspension  of  I C H  virus  is  due  to  the  paucity  of 
virus  in  the  suspension.  However,  the  infectivity  and 
hemagglutinin  were  correlated  with  a  buoyant -dens i ty  of 
1.333=  The  buoyant -dens i ty  of  human  adenovirus  type  2 
(Green  and  Pina,  1963a)  was  calculated  to  be  1.33  approxi¬ 
mately.  The  buoyant -dens i t i es  of  several  other  viruses 
are  summar i  zed  in  Table  $9 . 

The  relationship  between  buoyant -dens i ty  of  DNA 
preparat i ons  and  the  mole  fraction  %  (G  +  C)  wou I d  appear 
to  hold  true  for  the  Toronto  A  2  6 / 6 1  virus  and  the  DKL-cell 
DNA  which  were  examined.  Extraction  of  DNA  from  Toronto 
A  2  6 / 6  I  virus  using  (separately)  phenol  and  sodium  dodecy I 
sulfate  was  attempted  several  times.  When  these  extracts 
were  examined  using  buoyant -dens i ty-grad i ent  centrifugation 
the  calculated  densities  were  excessive.  The  buoyant- 
densities  calculated  were  in  a  region  which  would  indicate 
a  mole  fraction  %  (G  +  C)  of  approximately  80%,  which  is 
not  possible  unless  partial  denaturation  of  the  DNA  had 
occurred.  Sueoka  et  a_l_  (1959)  showed  that  thermal  denatura¬ 
tion  of  DNA  from  S  .marcscens,  E . Co  I  i  #  and  calf  thymus 
displayed  an  increase  in  buoyant-density  measurements. 

There  was  a  3%  difference  between  the  mole  fraction 
%  (G  +  C)  when  the  buoyant -dens i ty  derived  mole  fraction  % 

(G  +  C)  (I  .718  =%/&  +  £/  =  59%)  was  compared  to  chemical ly 
derived  mole  f  ract  i  on  %o  (G  t  C)  (which  was  56%).  This 


'\o  no  i  ens  pus  -rl^  >< 


j  i  *•;>«  .•  «»!  ,  r  ,  •  >H  .  <'o  i  *a  i/H  n  i  i  v 


ui  i  von:»  i*  nennd  y.-h  >.m  $nb^  ud  of  T  £££.! 


•'  .»  ui :  V  >r  J  .n*  98  ^  fc'-  ’i  j  4  b- ;  :*•  d  ;iJ  7 


i  i  m  i  L1  .  3  i 


abob  i.u*bo&  bne  lans.q  (  /  J,  ;  laneqa  )  f  i  eu  ; :-u*i  i  /  lb\d£A 


■ 


»3vic  ^ox4»  <  n-  w  90K+  cfiab  t  aifeluoJeo  m  & 

"  i  bhj  w  H*»idw  no  ’  an  i  n» 


no i a  I om  b»v  i 

* 


difference  appears  to  be  within  the  range  of  discrepancies 
displayed  by  other  DNA  extracts  when  buoy ant -dens i ty  cal¬ 
culations  are  compared  with  chemical ly  derived  data  (see 
Table  § 9) « 

The  chemical  procedures  involved  the  elucidation 
of  purine  and  pyrimidine  base  ratios  within  the  DNA  of  the 
Toronto  A26/6I  virus  and  also  the  DKL  cell.  Five  separate 
analyses  were  conducted  using  DKL-cel I  DNA;  but  because  of 
the  difficulty  of  obtaining  enough  Toronto  A  2  6 / 6 1  virus 
DNA  to  do  an  analysis,  only  one  analysis  of  Toronto  A  2  6 / 6 1 
virus  DNA  was  completed.  Also,  poor  results  were  encountered 
when  the  virus  was  submitted  to  phenol  and  sodium  dodecy I 
sulfate  extraction  procedures.  Hence,  hydrolysis  of  the 
intact  virus  particles  was  attempted  with  the  subsequent 
chromatography  of  this  hydrolysate.  The  base  ratios  cal¬ 
culated  from  these  procedures  are  comparable  to  base  rat i os 
of  other  adenoviruses  (see  Table  #9)  an(3  host  cel  I  systems 
(see  Table  #9)  with  the  exception  of  the  tumorigenic  adeno¬ 
viruses  which  display  a  lower  guanine  plus  cytosine  ratio 
(  see  Table  #9)  (Green  and  Pina,  1963b). 

Closer  examination  of  the  viral  DNA  should  be 
undertaken  before  accepting  the  base  ratios  revealed  in 
this  initial  study. 
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APPENDIX  #1 


Hanks''  Balanced  Salt  Solution  --  Hanks  and  Wallace  (1949) 


NaC  1 

8.00 

gms  „ 

/I i t re 

KC  1 

0.40 

// 

/ 

it 

MgS04.7H20 

0.20 

n 

/ 

if 

KH  oP0 

0.06 

n 

/ 

if 

2  4 

Na2HP04.7H20 

0.09 

a 

/ 

it 

CaC  I  2 

0. 14 

a 

/ 

if 

G I ucose 

1  .00 

a 

/ 

if 

NaHC03 

0.35 

u 

/ 

if 

Pheno 1  Red 

0.02 

a 

/ 

if 

Designed  to  equilibrate  in  a  closed  bottle  at  pH  7.2-7o4 


' 


>■':  O  i  ■ 


£0.0 
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Earless  Balanced  Salt 
NaC  I 
KCI 

MgS04.7Ho0 
NaH2P04„H20 
G I ucose 

CaCI2 

NaHCO^ 

Phenol  Red 


Earle  et_  a_]_  (1943) 
6.80  gms . / I  i t  re 
0.40  "  /  " 

0.20  "  /  " 

0.14  "  /  " 

1.00  "  /  " 

0.20  "  /  " 

0.22  "  /  " 

0,01  "  /  " 


APPENDIX  #2 

So  I ut i on 


Designed  to  equ i I ibrate  at  pH  7. 2-7. 6  with  5%  C0o  - 
95%  air  mixture. 


- 


OS.C 


« I  )b  0 
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APPENDIX  #3 


Eag  I  e 


s 


Vitamin  Supplement  -- 
Thiamine 

Riboflavin 

Choi i ne 
Py r i doxa I 
Folic  Acid 

I  nos i to  I 

N i cot i nam i de 

Pantothenate 


Eag I e  ( I  955) 

1.0  mg . / I  i t  re 
0.1  "  /  " 
1.0"  /  " 
1.0"  /  " 
1.0"  /  " 
2.0  "  /  " 
1.0"  /  " 
1.0"  /  " 


The  above  supplement  is  produced  and  marketed  in  100  x 
concent  rat i ons . 

The  amounts  given  above  are  the  weights  added  to  a  I itre 
of  single  strength  growth  medium  upon  di  I ut i on  of  the 
supplement  to  one-fold  concent  rat i on . 


' 
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APPENDIX  #4 


Eagle's  Minimal  Essential  Amino  Acids  Supplement  --  Eagle, 

(1955) 


L 

-  Arginine 

105  mg. 

/I itre 

L 

-  Histidine 

31  " 

/ 

// 

L 

-  1  so  1 euc i ne 

52  " 

/ 

// 

L 

-  Leuc i ne 

52  " 

/ 

n 

L 

-  Lysine 

58  " 

/ 

u 

L 

-  Methionine 

15  " 

/ 

// 

L 

-  Pheny 1  a  1  i  n 

ine  32  " 

/ 

// 

L 

-  Threon i ne 

oo 

/ 

n 

L 

-  T ryptophan 

10  " 

/ 

// 

L 

-  Valine 

46  " 

/ 

// 

L 

-  Tyrosine 

36  " 

/ 

// 

L 

-  Cyst i ne 

24  " 

/ 

n 

•  *|_ 

-  Glutamine 

292  " 

/ 

n 

^Because  of 

i nst ab i 1 i ty 

in  solution. 

L- 

G I ut am i ne 

omitted  and  added  at  time  of  use  (6  ml .  of  5%  l_G|utamine 
per  litre  of  single  strength  medium.) 

This  supplement  is  produced  and  marketed  in  a  50  x  concentra¬ 
tion.  The  weights  that  appear  above  are  the  weights  added 
to  one  I itre  of  single  strength  growth  medium  upon  di I ut i on 
of  the  supplement  to  one-fold  concentration. 
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APPENDIX  #5 

Medium  199  --  Morgan  et  aj_  (  I  9 5 0 ) 


L  - 

Arginine 

70 

mg  . 

L  - 

Histidine 

20 

it 

L  - 

Lysine  monohy droch 1  or i de 

70 

// 

DL  ■ 

-  Tryptophane 

20 

// 

DL 

-  Pheny 1  a  1  an i ne 

50 

// 

DL 

-  Methionine 

30 

// 

DL 

-  Serine 

50 

n 

DL 

-  Threon i ne 

60 

n 

DL 

-  Leuc i ne 

i  20 

// 

DL 

-  1  so  1 euc i ne 

40 

// 

DL 

-  Valine 

50 

// 

DL 

-  Glutamic  acid  monohydrate 

150 

tt 

DL 

-  Aspart i c  acid 

60 

// 

DL 

-  a- A  1  an i ne 

50 

// 

L  - 

Pro  1  i ne 

40 

n 

L  - 

Hydroxypro 1 i ne 

10 

n 

Glycine  ( Am i noacet i c  acid) 

50 

n 

L  - 

Glutamine 

100 

u 

Sod 

i urn  acetate  tri hydrate 

50 

h 

L  - 

Cyst i ne 

20 

tt 

L  - 

Ty ros i ne 

40 

n 

L  - 

Cysteine  hy droch 1  or i de 

0. 

I" 

Aden i ne 

10 

// 

I ouaj 


APPENDIX  #5,  continued 


Guan i ne 

0.3  mg 

■ 

Xanth I ne 

0.3  " 

Hypoxanth i ne 

0.3  " 

Urac  i  1 

0.3  " 

Thymine  (5-methyl  uracil) 

0.3  " 

Disodium  a-tocopherol  phosphate 

0.01" 

Thiamine 

0.01" 

Pyridoxine  hy droch 1  or i de 

0.025 

mg 

Riboflavin 

0.01 

u 

Pyridoxal  hy droch 1  or i de 

0.025 

// 

Niacin 

0.025 

u 

Calcium  pantothenate 

0.01 

n 

i  -  1  nos i to  1 

0.05 

u 

Ascorbic  acid 

0.05 

// 

Folic  acid 

0.01 

n 

p- Am i nobenzo i c  acid 

0.05 

u 

Fer r i c  N  i  t rat e 

0. 1 

// 

Biotin 

0.01 

n 

Menadione 

0.01 

n 

G 1 ut ath i one 

0.05 

u 

Vitamin  A 

0. 1 

u 

Ca 1 c i f ero 1 

0.  1 

// 

Adenosine  triphosphate 
( d i sod i urn  salt) 

1  .0 

n 

€>n  >\  Uhj/o  i  4 
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APPENDIX  #5 ,  continued 


Tween  80 

5.0 

mg  . 

Choi est ero 1 

0,2 

n 

N i ac i nam i de 

0,025 

u 

Adeny  lie  acid 

0,2 

// 

Desoxyr i bose 

0.5 

n 

D  -  R i bose 

0,5 

// 

Choline  ch 1  or i de 

0.5 

// 

A  chemically  defined  medium  contain 

i  ng  the  i ngred 

i  ent  s 

recommended  by  Morgan,  Morton,  and 

Parker  and  i nc 

1  ud i ng 

their  later  modifications.  This  medium  is  widely  used, 
particularly  in  the  maintenance  of  tissue  for  virus  pro¬ 
duction  in  vaccine  manufacture. 


b 
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APPENDIX  #6 

Prep a rat i on  of  Primary  Cell  Cultures 

Dog  K i dney  Ce I  I s 

Dogs  varying  in  age  from  two  to  eight  weeks 
were  obtained  from  the  City  Dog  Pound.  They  were  put  to 
death  with  chloroform.  A  midline  ventral  incision  was 
made  into  the  coelomic  cavity  skin  and  subcutaneous  tissue 
were  reflected  and  the  kidneys  were  removed  aseptically 
and  were  placed  i nt o  a  beaker  of  Hanks  balanced  salt 
solution  containing  100  i.u./ml.  of  penicillin  and  100  ug. 
ml.  streptomycin  at  pH  7=0.  The  kidneys  were  placed  in 
sterile  petri  dishes  and  the  fibrous  capsules  were  removed 
The  kidneys  were  then  cut  in  half  laterally  and  the 
fibrous  tissue  forming  the  calyces  of  the  kidney  was 
removed.  The  pieces  of  kidney  were  then  washed  in  Hanks'’ 
balanced  salt  so  I ut i on(conta i n i ng  100  i.u./ml.  penicillin 
and  100  ug./ml.  st rept omyc i n) sever a  I  times.  These  pieces 
of  kidney  tissue  were  then  placed  in  a  sterile  50  ml. 
beaker ,  and  cut  into  small  (l  mm.)  cubes  with  sterile 
scissors. 

The  minced  tissue  was  then  added  to  a  500  ml . 
trypsinizing  flask.  50  ml .  of  a  0 □ 5%  solution  of  trypsin 
in  phosphate  nuffered  saline  at  pH  8.0,  temperature  37° C, 
was  added  to  the  flask  together  with  a  sterile  plastic- 
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APPENDIX  # 6,  continued 

covered  bar  magnet.  The  flask  was  placed  over  a  magnetic 
stirring  apparatus  and  a  I  lowed  to  react  unt i  I  a  cloudy 
suspension  of  epithelial  cells  appeared  dispersed  through¬ 
out  the  trypsin  solution.  The  suspension  of  cel  Is  was 
decanted  into  an  ice-cooled  250  ml.  centrifuge  bottle 
through  a  sterile  gauze  filter.  The  I arger  cubes  of 
tissue  remained  in  the  trypsinizing  flask.  The  centrifuge 
tube  was  returned  to  the  ice  bath,  the  temperature  of 
whc i h  tends  to  deactivate  the  trypsin.  A  further  50  ml  . 
of  trypsin  solution  was  added  to  the  trypsinizing  flask 
and  the  suspension  was  allowed  to  react  again.  This  pro¬ 
cedure  was  repeated  unt i  I  most  of  the  epithel  ial  cel  Is 
were  detached  from  the  small  pieces  of  fibrous  capsule 
which  remained  behind  in  the  trypsinizing  flask. 

The  cel  I  suspension  was  centrifuged  into  a  pel  let 
in  the  International  type  SB  centrifuge  using  the  #259 
head  at  2,000  rpm.  for  15  minutes  at  25°C .  The  trypsin 
was  discarded  and  the  cell  pellet  was  resuspended  in  fresh 
nutritive  medium  (HLA  50  i.u./ml.  penicillin  and  50  ug./ml, 
streptomycin  and  \ 0%  calf  serum).  The  suspension  was 
di  luted  with  nutritive  medium  unt i  I  a  cel  I  count  of  250,000 
cel  Is  per  ml  .  was  obtained  and  then  seeded  into  Roux  tissue 
culture  bottles  which  were  incubated  at  37°C  until  complete 
monolayers  had  formed. 
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APPENDIX  #7 


A I  seven's  Solution  --  Kalter  (1963) 


Dext  r ose 

2.05 

gm 

Sod i urn  c i t rat e 

0.80 

n 

NaCl 

0  =42 

// 

Citric  acid 

0.055 

u 

HO  distilled 

to  make 

100  ml. 


Ster i I i ze  in  autoclave,  I20°C,  15  psi .  15  minutes.  Store 

at  4°C .  Solution  remains  stable  for  long  periods  of  time. 


» '-'Vo  !  •x-iue  ni  .  :  i  I  >  i  ,2 


130 


APPENDIX  #8 

Stain  Materials  for  Tissue  Culture  --  Humanson  (1962) 
Zenker's  Fixative 


Potassium  dichromate 

2.5 

gms  . 

Mercuric  ch 1  or i de 

4.0 

-  5.0  gms 

Sod i urn  sulfate 

1  .0 

gms  . 

Distilled  water 

100.0 

m  1  . 

Glacial  acetic  acid 

5.0 

m  1  . 

Lugo  1 '  s  Solution 

Iodine  crystals 

1  ,0 

gms . 

Potassium  iodide 

2.0 

n 

Distilled  water 

100.0 

m  1  . 

Harris'  Hematoxyl in 

Dissolve  1.0  gm.  hematoxylin 

in  1 0  m 1 . 

alcohol.  Dissolve  20.0  gms.  potassium  or  ammonium  a  I  urn 
(Al9  (S04)2  S04  .  24  H20  or  A 1 2  (^^4)3  (N^4)2  SO^  . 

24  H90  in  200  ml.  water  and  boil.  Add  hematoxylin  and 

boil  one-half  minute.  Add  0.5  gm .  mercuric  oxide.  Cool 
rapidly.  Add  a  few  drops  of  glacial  acetic  acid  to  keep 
away  metallic  luster  and  brighten  nuclear  structure. 
Scott's  Solution 

Sodium  bicarbonate  2.0  gms. 

Magnesium  sulfate  20.0 

Distilled  water  100=0  ml. 

Add  pinch  of  thymol  to  retard  molds 
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APPENDIX  continued 
Eosin  Counterstain 
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Eos  in  Y  C  I  45380 
70%  ethyl  alcohol 
Glacial  acetic  acid 


I  .  0  gm . 
I , 000 .0  ml. 
5.0  ml. 


Dilute  with  equal  volume  of  70%  alcohol  for  use  and  add 
two  to  three  drops  of  acetic  acid. 


' 


